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Abstract 
applies to six types of fibrous amphiboles or chrysotile with specific 
morphologies that are commercially mined and processed. Inhaling asbestos fibers is known to 
cause many negative health effects, including mesothelioma, several different cancers, various 
respiratory diseases and non-respiratory diseases, and fatalities. The recent years, several cases 
of non-occupational exposure to asbestos fibers raised an awareness of environmental exposure 
to naturally occurring asbestos (NOA) which refers to asbestiform minerals that fall out of the 
regulatory definition of asbestos. 
There are two sources of NOA in the area, Wilson Ridge pluton, AZ, and Boulder City 
pluton, NV which have similar protolith, tectonic and alteration history. In AZ, I have observed 
NaFe3+-amphiboles and some Ca-rich actinolite associate with Na-rich albite and Fe3+ -rich 
hematite. In NV, amphibole was dominated by actinolite, and albite, K-feldspar, magnetite, 
calcite, and epidote were also observed. Fluid inclusions sampled from NV rocks contain halite 
crystals which indicate a higher salinity of NV fluid than AZ fluid. I concluded that the ionic 
ratio of Na/Ca and Fe3+ /Fe2+control the resulted minerals instead of the absolute abundance of 
specific ions.    
Observations of these mineral assemblages and associated minerals suggest several 
generations of alterations including Na metasomatism. Amphibole asbestos precipitated with two 
different mechanisms. Neocrystallized  asbestos formed in open spaces as wildly recognized, or 
formed within other non-amphibole minerals. I also recognized recrystallized  asbestos utilized 
pre-existing magmatic hornblende structure and replaced by fibrous amphibole. 
If the hydrothermal alteration of preexisting amphibole to form fibrous amphibole is a 
common phenomenon, amphibole-bearing rocks can be more abundant than we may think. The 
iv 
 
background levels of NOA might be an explanation to idiopathy for lung diseases or 
undiagnosed mesothelioma. Understanding the petrogenesis of NOA is important to predict its 
occurrence in order to protect public health near those deposits.  
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Chapter 1: Introduction 
1.1 Asbestos and Naturally Occurring Asbestos 
Asbestos is an industry term applied to six fibrous minerals mined and marketed in 
numerous commercial products. Inhalation of asbestos causes a number of respiratory diseases 
including cancers (mesothelioma, lung cancer) and non-cancers (asbestosis, pleural plaques, 
pleural fibrosis); other diseases linked to asbestos exposure include larynx, ovarian, and 
gastrointestinal cancers, and auto-immune diseases (US Department of Health and Human 
Services, 2001; Camargo et al., 2011; International Agency for Research on Cancer, 2012). 
Toxicity varies depending on the width, length, aspect ratio, surface area, and chemical 
composition of the fiber (Aust et al., 2011).  Toxicity of fibers is thought to vary depending on 
their morphology and chemistry; fibers that are longer than 5 > 3:1 and 
having higher Fe content are recognized to be more toxic (Aust et al., 2011). Asbestiform is a 
term used to describe the morphology of regulated commercial asbestos (Meeker, 2009). 
Asbestiform minerals have various definitions and one of the regulatory definitions is that they 
must have a diameter of <0.5  and aspect ratio (length to width) of >20:1 (Lowers and Meeker, 
2002). Asbestos regulation was enacted to protect workers from occupational exposures and 
secondary exposures by transporting asbestos from the work site to homes. However, it is hard to 
control the non-occupational (environmental) exposure when it is found in a natural setting. 
Naturally occurring asbestos (NOA) refers to fibrous minerals found in rock and soil and 
may include fibrous minerals that do not meet the regulatory definition of asbestos, including 
many fibrous amphiboles (Harper, 2008).  Amphibole minerals are common in the Earth  crust; 
however, only rarely do they occur in fibrous or asbestiform habit which requires the presence of 
metamorphic fluids and open spaces (Bailey et al., 2004). When NOA-bearing outcrops are 
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eroded by natural processes, released fibers can accumulate within soils on the ground surface. 
Soils can be disturbed by the wind and human activities, and fibers can become airborne and 
easily transportable as dust, which is a primary pathway to humans  (Buck et al., 2013).  Thus, 
NOA mitigation must begin with the identification of bedrock NOA sources and such hazard 
identification requires an understanding of the petrogenesis of asbestos minerals and the 
particular importance of the geologic settings where amphiboles can have a fibrous or 
asbestiform habit.  
1.2 Recent Discovery of NOA in Southern Nevada 
The recent discovery of amphibole asbestos minerals in Clark County, NV (Buck et al., 
2013) and Mohave County, AZ (Metcalf and Buck, 2015) has raised public health concerns. 
NOA was found in hydrothermally altered, low-Mg Miocene metaluminous quartz monzonite 
plutons, an unusual setting for amphibole asbestos. Fibrous actinolite has been reported in 
Boulder City pluton (BCP), which lies beneath Boulder City and also includes Black Hill in the 
Northern McCullough Range, directly south of the City of Henderson. Winchite, magnesio-
riebeckite, and richterite (collectively referred to here as NaFe3+-amphiboles) have been found at 
Wilson Ridge pluton (WRP), Arizona, which is located south of Lake Mead, near Hoover Dam. 
The main goal of this work is to further test the hypothesis outlined by Metcalf and Buck (2015) 
regarding the hydrothermal origin of the unusual occurrence of NOA at Arizona and Nevada, 
specifically that the NOA mineralogy is controlled by hydrothermal fluid composition. There are 
numerous definitions for the term asbestiform in the literature. In this thesis, I solely use fibrous  
amphibole in order to avoid ambiguity. 
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Chapter 2: Background 
2.1  Six Regulated and Non-regulated Asbestos Minerals 
commercially. This group includes the serpentine mineral chrysotile, and five amphibole 
minerals: riebeckite (commercial name: crocidolite), grunerite-cummingtonite (commercial 
name: amosite), anthophyllite, tremolite, and actinolite. After many health concerns were 
brought to light, regulations were established to protect workers and families from exposure, and 
the use of asbestos products has decreased since the late 1970s (Virta, 2002). In addition to the 
six regulated asbestos minerals, there are more fibrous minerals that are known to be toxic and 
cause disease (US Department of Health and Human Services, 2001; Meeker, 2009; Camargo et 
al., 2011) but do not fall under the regulatory limit as asbestos. Libby, Montana is an EPA 
Superfund site, where mined vermiculite ore was contaminated with three non-regulated asbestos 
minerals (winchite, richterite, and magnesio-riebeckite) (Harper, 2008). The remediation had 
been ongoing since 2000  (US Environmental Protection Agency, 2014).  
2.2  Five Recognized Geologic Settings for Asbestos 
Van Gosen (2007) discussed five categories of asbestos-producing geologic settings 
based largely on our understanding of asbestos ore deposits. Mg-rich asbestos minerals 
(chrysotile, tremolite, actinolite, anthophyllite) form in three different geologic settings: (1) 
metasomatism of ultramafic rocks, (2) metamorphosed mafic rocks, and (3) metamorphosed 
dolostones and dolomitic limestone. Grunerite and riebeckite are Fe-rich minerals formed during 
metamorphism of banded iron formations.  
 Alkali intrusions and related carbonatite intrusions are known to host fibrous NaFe3+-
amphiboles. At Libby, Montana, vermiculite was mined from hydrothermally altered, biotite-
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bearing ultramafic rocks. The vermiculite ores were contaminated with the Mg-rich fibrous 
NaFe3+-amphiboles, winchite, richterite, and magnesio-riebeckite (Meeker et al., 2003).  A 
similar occurrence of fibrous magnesio-riebeckite is found at the Mountain Pass rare earth 
element (REE) mine located south of Las Vegas in California (Castor, 2008). The Mountain Pass 
REE deposit is associated with alkali intrusions and carbonatites (Van Gosen, 2007; Castor, 
2008). At both Libby and Mountain Pass, the genesis of fibrous NaFe3+-amphibole was 
attributed to Na-metasomatism by late-stage magmatic fluids (Van Gosen, 2007). 
2.3 NOA Occurrences near Hoover Dam, AZ-NV 
There are two fibrous amphibole bedrock sources in the Hoover Dam region. One is the 
Miocene Wilson Ridge pluton, Arizona (Figure 1) which includes popular off-road and hiking 
recreation areas within the Lake Mead National Recreation Area. The second is the Miocene 
Boulder City pluton (and related intrusive bodies west of Boulder City) underlying populated 
areas in and near Boulder City and Henderson, Nevada (Figure 1). In both pluton settings, 
fibrous amphibole occurs in two modes: [1] in fracture-fill veins (Figure 2) and [2] as alteration 
and replacement (Figure 3) of magmatic magnesiohornblende (Figure 4). Although these two 
plutons are similar in composition, age, and tectonic history, they differ in producing different 
amphibole asbestos minerals (calcic versus sodic-calcic) and associated alteration mineral 
assemblages as discussed below. 
Alteration in the Wilson Ridge pluton produced mainly winchite and magnesio-riebeckite, 
actinolite, and minor amounts of richterite (Metcalf and Buck, 2015). Winchite is a sodic-calcic 
amphibole, and the end member is expressed as (CaNa)Mg4(Al,Fe3+)Si8O22(OH)2. Magnesio-
riebeckite is a sodic amphibole and the end member formula is Na2(Mg3Fe3+2)Si8O22(OH)2. At 
Wilson Ridge, these minerals form a continuous solid solution (magnesio-riebeckite  winchite  
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actinolite) and are collectively called NaFe3+-amphiboles. Hematite, which consists entirely of 
oxidized Fe3+, has been observed associated with these NaFe3+-amphiboles. Sodium rich albite 
that is altered from oligoclase/andesine is also present in the altered rock. NaFe3+amphiboles 
were previously recognized to form by alkali metasomatism from magmatic fluids originating in 
carbonate or peralkaline silicate magmas (Van Gosen, 2007), however, they seem to be formed 
from hypersodic O2 hydrothermal fluids that altered low-Mg granitic rocks (Metcalf and 
Buck, 2015). In this system, Na is thought to be carried in hydrothermal fluids sourced from an 
adjacent halite deposit in Miocene sedimentary basin during cooling of the pluton (Metcalf and 
Buck, 2015).  
Fibrous actinolite has been documented in the Boulder City pluton, NV (Figure 1). 
Actinolite is a calcic amphibole, and the end member is expressed as Ca2(Mg, Fe2+)5Si8O22(OH)2. 
Preliminary studies (Buck et al., 2013, R. Metcalf personal communication) suggest that Ca-rich 
actinolite has been found with other alteration minerals including epidote and calcite (both are 
Ca-rich), with chlorite (Mg), and hydrothermal quartz. At the Salton Sea geothermal field in 
California, actinolite has been reported associating with albite, K-feldspar, epidote, chlorite, 
biotite, calcite, quartz, and rutile or titanite. They are described as hydrothermal minerals that 
form at temperatures similar to low-grade metamorphic greenschist facies (Yau et al., 1986). The 
fluid at the Salton Sea is a hypersaline Na-Ca-K-Cl brine (McKibben et al., 1988). 
2.4 Ages of Plutons and Timing of Alterations 
Previous work suggests that amphibole asbestos at both plutons formed by hydrothermal 
alteration during faulting and uplift soon after pluton solidification (Buck et al., 2013; Metcalf 
and Buck, 2015). Isotopic data suggests that Wilson Ridge pluton was uplifted by large-scale 
extensional faulting in the late Miocene (Metcalf and Buck, 2015). A 238U/206 Pb ion probe of 
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zircon yielded an age of 13.78 + 0.43 Ma and 13.73 + 0.43 Ma, which provides the age of pluton 
solidification. The adjacent Black Mountain conglomerate, formed in the late Miocene to 
Pliocene, contained volcanic clasts and pluton clasts, which includes NaFe3+-amphibole. 
Sanidine from a volcanic ash layer from the deposit was dated 11.72 + 0.06 Ma by 40Ar/39Ar 
(Williams, 2003). These results suggest that crystallization of  NaFe3+-amphibole must have been 
initiated during a two million year interval between 13.73 Ma and 11.72 Ma (Metcalf and Buck, 
2015). Geologic constraints suggest a similar timing for faulting, uplift and hydrothermal 
alteration in the Boulder City pluton. 238U/206 Pb dating of zircon from Boulder City pluton 
yielded an age of 13.98 + 0.25 Ma, which is roughly the same timing as WRP (Beard et al., 
2013).  The BCP is capped by Dam conglomerate that contains clasts of the pluton (although 
there is no report of amphibole asbestos in these clasts), and Dam conglomerate is 
stratigraphically older than Black Mountain conglomerate ( Mills, J.G., Jr., 1998; Beard et al., 
2013). A basalt flow overlying the Dam conglomerate was dated 13.90 Ma + 0.01 by 40Ar/39Ar 
(Beard et al., 2013). 
 
 
 
 
 
 
 
 
 
7 
 
Chapter 3: Methodology 
3.1 Hypothesis 
This study sought to test the hypothesis of Metcalf and Buck (2015) regarding the 
chemistry difference of fluids. Wilson Ridge pluton (AZ) and Boulder City pluton (NV) have 
similar lithologies, tectonic histories and timing of alteration.  Original lithologies in both 
plutons are biotite- and hornblende-bearing quartz monzonite (Metcalf and Buck, 2015).  As 
discussed previously, pluton solidification ages are nearly the same. Both plutons have 
hydrothermal alteration textures and minerals, and inclusions of plutons in conglomerate 
formation indicate a similar timing of fluid interaction. However, the plutons exhibit different 
fibrous amphibole asbestos and associated minerals assemblages. One of the hypotheses tested in 
this thesis is that these two plutons have been affected by hydrothermal fluids with two different 
compositions. Is it predicted by Metcalf and Buck (2015) is that Na-rich amphiboles were 
formed at Wilson Ridge because hydrothermal fluids intersected sedimentary evaporates (halite) 
located in adjacent sedimentary basins. Whereas, the fluid composition at the BCP (NV) can be 
more Ca-rich and contain less Na, comparatively. Therefore, it is possible that each pluton has 
been hydrothermally altered by fluids of two different compositions. 
Furthermore, it has been understood that the prismatic mineral fragment is common, but 
the formation of the asbestiform mineral is rare (Bailey et al., 2004). Fibrous amphibole growth 
is thought to require growth in open space (Bailey et al., 2004) and perhaps during active 
deformation (Ross and Nolan, 2003). This study also sought to test the hypothesis that such 
general understanding might be false and amphibole asbestos can be formed by hydrothermal 
alteration of pre-existing magmatic hornblende. If such alteration is a common phenomenon, 
amphibole-bearing rocks can be more abundant than we may think. The background levels of 
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fibrous amphibole might be an explanation to idiopathy for lung diseases or undiagnosed 
mesothelioma. 
3.2 Mineralogy and Mineral Chemistry  
Samples with amphibole asbestos as both fracture fill veins and altered magmatic 
magnesiohornblende have been collected from both AZ and NV, and different mineral species 
were determined to confirm if preliminary observations are consistent. NaFe3+-amphibole and 
actinolite occurrences were compared by documenting alteration mineral assemblages, mineral 
chemistry, and reaction textures including vein minerals using an optical microscope. Mineral 
compositions were analyzed on polished thin-sections by wavelength dispersive spectrometry on 
an electron microprobe (JEOL 8900) using SEM-backscatter imaging to select analytical sites. 
Amphibole structural formulae, including Fe2+/Fe3+ estimates, and amphibole nomenclature 
followed the recommendations of  Leake et al. (1997).   
3.3 Fluid Inclusion Study 
Fluid can be captured during the growth of crystals and be preserved at ambient 
temperature, which is called fluid inclusions (Bodnar, 2003). Two samples were selected to make 
thick sections for microthermometric analysis due to the abundance of fluid inclusions and their 
desired sizes (diameter of larger than 40 um) to maximize the accuracy of the result. These 
samples contain amphibole fibers inter-grown with quartz crystals which are an indication that 
fluid inclusions in the quartz directly relate to the precipitation of such fibers. 
  Sample KW4-27-5A contains sufficient amount of quartz associated with amphibole 
fracture fill veins, sampled from Wilson Ridge, AZ. Sample E031914-6c is hydrothermally 
altered pre-Cambrian gneiss that is located adjacent to Miocene Keyhole Canyon pluton in the 
Eldorado Range, south of Boulder City, NV. This gneiss was cut by quartz veins that are thought 
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to be the same age as a granitoid alteration of this study and it also contains a large number of 
fibrous amphibole grains that were confirmed to be actinolite by EPMA (Electron Probe 
MicroAnalysis) data. 
Fluid Inclusion Assemblage (FIA) is a group of fluid inclusions that were all trapped at 
the same time so they have the same liquid to vapor ratio and give the same data indicating the 
data correctly provide pressure and temperature at the time of formation. Careful petrography to 
identify FIAs needs to be performed first.   
The microthermometric analysis method allows us to determine the fluid salinity and the 
minimum precipitation temperature (Bodnar, 2003).  The experiments were performed under an 
assumption that the composition of the fluid is limited to H2O and NaCl. However, I performed 
ice melting experiments on some fluid inclusions within the AZ sample that suggested CO2 
might be present from my initial observation. The method is to detect a small movement of the 
rim of vapor at the triple point of CO2 (-56.6°C) if CO2 is present (Samson et al., 2003). Thick 
sections were made with 100 um thickness at Vancouver Geo Tech Labs. Temperature control 
and video capture software (Linkam 32) and temperature controlled fluid inclusion stage 
(THMSG 600) were used for this analysis. Vapor and liquid only fluid inclusions which form 
when the salinity of the fluid is less than 26 wt% NaCl equivalent, were cooled to -150°C to 
form a solid (ice) and then heated to observe phase changes, as the melting temperature of ice 
differs by salinity (Figure 5). Phase changes were observed as the stage was heated at the speed 
of 1°C per minute and the melting temperature of ice was recorded. Halite has a much higher 
melting temperature than ice, thus fluid inclusions with halite were only heated in order to 
calculate the salinity (Figure 6). Heating was performed in 10°C increments and the halite 
melting temperature was recorded.  
10 
 
Homogenization temperature which is a temperature of liquid and vapor homogenization 
form a single liquid represents the minimum temperature of trapping of the fluid in the inclusions. 
Homogenization temperatures were recorded during the same heating run to determine the halite 
melting temperature.  Heating was performed up to 600°C, which is a limitation of the 
instrument. 
3.4 Whole-Rock Chemistry on Actinolite-bearing Samples 
Metcalf and Buck (2015) and Potts (2000) used whole-rock chemistry to demonstrate that 
AZ samples with NaFe3+-amphibole mineralization had elevated Na2O and lower K2O compared 
to unaltered AZ rocks. They interpreted these results as the evidence of Na-metasomatism during 
a hydrothermal activity at AZ. The same method of analysis (Whole-rock X-ray fluorescence) 
will be used for actinolite-bearing NV samples to test to compare the result with samples from 
AZ. Five actinolite-bearing samples were selected to perform this analysis which were collected 
from outcrops near Henderson. Two samples (MR182-1 and 3a) are fine-grained phaneritic 
granite that exhibit abundant feldspars and quartz with some amphibole fibers, and signs of 
alteration such as blue-gray amphibole veins that appear fibrous. Three samples (MR182-2, 3b 
and 4c) are intermediate to mafic diorites that consist of visible hornblende and plagioclase with 
blue-gray fibrous amphibole veins. Sample preparation (rock crushing) and whole-rock X-ray 
fluorescence (XRF) analysis of resulting rock powders were performed by EMSL Analytical, Inc. 
in NJ.  
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Chapter 4: Results 
4.1 Petrography and Mineralogy 
Seventeen polished thin sections (an unaltered thin section from AZ [Wilson Ridge 
pluton] and an unaltered thin section from NV [Boulder City pluton], nine altered thin sections 
from AZ and six altered thin sections from NV) were observed and cataloged using an optical 
microscope and an electron microprobe. Altered thin sections were selected due to the high 
degree of alteration to better observe hydrothermal-metasomatic reaction textures from each 
location.  Photomicrographs of the thin sections are shown in Figure 7 to 15, and organized in 
the following order; unaltered granite, monomineralic amphibole veins, amphibole asbestos 
intergrown with other minerals, secondary replacement of magmatic amphibole, and other 
associated minerals. Mineral identification of amphibole and plagioclase solid-solution 
compositions were aided by quantitative chemical analysis using wavelength dispersive 
spectrometry on an electron microprobe (JEOL 8900) at the University of Nevada, Las Vegas.  
4.1.1  Protolith 
I determined protolith by estimating the preservation of more than 90% of primary 
igneous minerals and recognizing lacking alteration. There are several optical characteristics of 
alterations that are used to determine the level of alteration; sericite occurrence and albatization 
in plagioclase, calcite and quartz veins, and a decline in pleochroism in amphibole (pleochroic 
primary hornblende alters to less pleochroic amphibole). Unaltered granitoid samples from AZ 
(9010-4) and NV (1210-3) both contain feldspars (~35%), quartz (~20%), hornblende (~20%), 
and biotite (~20%) and a minor amount of apatite, opaque oxides (magnetite), zircon, and titanite 
(Figure 7).  Plagioclase is subhedral to euhedral; many grains exhibit euhedral optical growth 
zoning (Figure 7a) and well-defined albite and Carlsbad twinning (Figure 7a and c). They are 
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also clear under plane polarized light that lacks extensive sericite alteration. Igneous 
magnesiohornblende is subhedral to euhedral prismatic, moderately pleochroic dark green to 
light green and shows {110} cleavage intersecting at 56o and 124 o for crystals cut perpendicular 
to the c-axis (Figure 7a and b). 
4.1.2   Definition of Alteration Levels 
First I have observed the optical characteristics of hydrothermal alteration in order to 
categorize samples into three levels of alteration, weakly, moderately, and heavily as discussed 
below. The characteristic features that assist alteration are; a turbid appearance in plagioclase 
(sericite) and infrequent chessboard twinning in plagioclase (Figure 14a), the presence of veins 
(amphibole, quartz or calcite) that cut through the matrix, and amphiboles with a fibrous 
appearance and a decrease in pleochroism compared to magnesiohornblende. I have categorized 
altered samples into three levels of alteration. I called weakly altered  when more than 10% and 
less than 40% of minerals that show the effects of alteration, but the rest of minerals are in 
primary state, heavily altered  when more than 90% of minerals show alteration effects, and the 
interval between these two states is categorized as moderately altered .  
4.1.3  AZ Samples Alteration Mineralogy (NaFe3+-amphibole) 
All nine WRP (AZ) samples are moderate to heavily altered. Fibrous amphibole fracture 
fill veins are recognized in eight samples. Two examples are shown in Figure 8. Fibrous 
amphibole grains are seen in all nine samples (Figure 12). Primary magmatic 
magnesiohornblende commonly shows partial to nearly complete replacement by actinolite, 
winchite, and magnesioriebeckite that are recognizable as changes in color and pleochroism 
(actinolite light green, winchite & magnesio-riebeckite blue) in plane polarized light and fibrous 
texture in thin-section. A more in-depth discussion of mineral chemistry will follow in 4.2.1.1 
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AZ Amphibole Chemistry. All samples contain significant plagioclase and most of them are lath-
shaped with polysynthetic twinning. Plagioclase is commonly (eight out of nine samples) altered 
to secondary sericite (Figure 14a) giving plagioclase crystals a turbid appearance in plane light. 
Infrequent chessboard twinning within plagioclase was also observed, generally considered an 
indication of albitization (Figure 14b). Most of the plagioclase observed in samples commonly 
contains clear veins and/or clear outer rims that are optically continuous with turbid plagioclase 
(Figure 10 and 14c,d,e, f). Some of these areas of clear plagioclases contain inclusions of 
individual amphibole fibers or bundles (Figure 10).  Detailed chemistry will be discussed in 4.2.2 
Plagioclase. Most thin sections (eight out of nine) contain some amount of disseminated quartz, 
varying from 5% up to 35% of the thin section. These fine-grained and anhedral quartz grains 
exhibit (Kaur et al., 2012) that indicate hydrothermal alteration. 
Some oxides (magnetite) in AZ samples display red reaction rims under the plane polarized light, 
which is a characteristic consistent with hematite (Figure 14c, d, e, and f).  
4.1.4  NV Samples Alteration Mineralogy (actinolite)  
These samples from NV contained two that are moderately (more than 40%) altered, and 
four that are highly (more than 90%) altered. Fibrous amphiboles (actinolite) are recognized by 
pale green color and weak pleochroism in plane polarized light, second to third order 
birefringence color and inclined extinction. Fibrous actinolite fracture fill veins are recognized in 
all six samples (Figure 9). Fibrous actinolite grains were observed in five out of six altered 
samples interpreted as partially to fully pseudomorphic replacement of magmatic amphibole 
(Figure 13). There are microscale fracture fills and veins of fibrous actinolite cutting most of the 
background protolith minerals. 
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All six NV samples contain plagioclase and most of them are lath-shaped and exhibit 
polysynthetic twinning (albite and/or pericline) (Figure 15a and b). Three out of six samples also 
consist of secondary sericite after plagioclase. Most thin sections (five out of six) contain some 
amount of quartz, varying from 5% up to 45% of the thin section, either as disseminated grains 
or as veins. Disseminated quartz crystals show similar properties with ones found in AZ that are 
anhedral and have serrated-grain boundaries. Quartz veins are fairly common and three samples 
contain individual asbestos fibers and occasionally bundles intergrown within these clear quartz 
veins. (Figure 11a). Opaque oxides (magnetite) are consistently seen within all six NV thin 
sections, varying in the amount from minor to 10% of the slide.  Magnetite grains tend to be 
concentrated within amphiboles (Figure 15c and d). Both calcite veins and disseminated calcite 
crystals were observed from four out of six thin sections (Figure 15). Calcite veins vary in width 
from 20 um to 0.5 mm that cut most of the fabric. Calcite is readily identified by its extremely 
high birefringence colors and defined calcite twinning especially within wide veins, which is an 
indication of larger crystal size. Some calcite veins are cutting through pre-existing actinolite 
veins which indicates a later occurrence of calcite (Figure 15e and f). Disseminated calcites are 
less commonly seen between grains of amphibole and plagioclase (Figure 15a).  Epidote is also a 
common mineral in NV samples. Epidote is present 10 to 30 % of thin sections within three out 
of six NV samples. Epidote veins and grains with amphibole fibers are also recognized (Figure 
11b, c, and d). 
4.2 Amphibole Texture 
I have observed three textural types of fibrous amphibole within samples that I studied 
and categorized them into types I-III. Type I (fracture-fill) occurs as mats of amphibole fibers in 
filling fractures in the host granitoid rock (Figure 8 and 9). Type I fiber mats, present in both AZ 
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and NV samples, are often mono-mineralic and occur as slip-fibers (parallel to fracture walls). 
Type II (intergrowths) is present as splayed bundles and/or cross-fibers intergrown with other 
minerals (Figure 10 and 11). The last category is the secondary replacement of primary 
magmatic amphibole (III) that is hydrothermal altered magmatic magnesiohornblende (Figure 12 
and 13). 
I. Fracture fill mats of fibers  
I have observed mats of fibers in fracture fill veins throughout the most altered granitic 
rocks. Sizes of fracture fill veins vary from 50 um to several cm in width and they are often 
formed as channels and narrow anastomotic veins (Figure 8a,b and 9a,b). All fracture fill 
amphibole veins show fibrous habit that is recognizable by optical microscopy, as well as 
backscatter images (Figure 16).     
II. Splayed bundles and cross-fibers intergrown with other minerals 
I have also observed splayed bundles and cross-fibers intergrown with other minerals. In 
AZ samples amphibole fibers are observed intergrown with albite and quartz. For NV samples, 
asbestos fibers are commonly seen within plagioclase, quartz, and epidote. Asbestos fibers are 
recognized within both epidote veins (Figure 11b) and epidote crystals (Figure 11c).  
In both AZ and NV samples, optically continuous plagioclase crystals mostly display a 
cloudy and turbid appearance. Many of these turbid plagioclase grains contain clear veins of 
exact, or similar, chemistry with asbestos fibers abundantly present only within these clear veins 
(Figure 10 and 11e, f). Turbid plagioclase occasionally exhibits clear outer rims, which often 
contain asbestos fibers. The concentration of fibers varies in clear plagioclase from sparse 
individual fibers to highly concentrated fibers and bundles that are continuous from fracture fill 
veins that appear like streams within clear veins (Figure 10a and b).  
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Sizes of disseminated quartz vary from 50 um to 0.25 mm. Some of them (four out of 
nine samples at AZ, and eight out of nine samples at NV) contain asbestos fibers. 
Secondary replaced amphiboles occasionally (all nine samples at AZ, and four out of nine 
samples at NV) exhibit fibrous amphibole overgrowths on the edge of crystals that are 
intergrown within surrounding minerals, typically as clear plagioclase, quartz, or occasionally 
epidote. 
III. Secondary replacement of primary magmatic amphibole 
All 14 samples contain fully, or partially, replaced amphiboles. Most of the primary 
magmatic magnesiohornblende is pseudomorphically replaced by other fibrous amphibole 
minerals and many of them appear fibrous. AZ amphiboles commonly preserve original 
morphology of magnesiohornblende within grains (prismatic crystals or diamond basal shape) as 
shown in Figure 12.  NV amphiboles are generally fully altered to actinolite and exhibit fibrous 
morphology throughout that outline of primary magnesiohornblende is no longer recognizable 
(Figure 13). 
4.3 Mineral Chemistry 
4.3.1  Amphibole Chemistry 
For amphibole, 407 individual analyses were collected from four AZ samples, and 227 
individual analyses were collected from four NV samples. However, 39 data points from AZ and 
39 data points from NV were excluded from the result as the total of cation oxide weight percent 
(wt. %) did not reach 85.0.  
4.3.1.1  AZ  compositional variation & mineral names, veins vs. replacement 
The result of quantitative EPMA that was measured from fibrous amphibole in veins, 
fibrous amphibole replacement, and a few unaltered magmatic amphiboles for comparison, were 
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classified and plotted following Leake et al. (1997). Figure 17 (top) shows 79 primary amphibole 
chemistries from four AZ samples that classified as magnesiohornblende. A total of 105 vein and 
replaced amphibole samples were plotted as actinolite with few exceptions of hornblende (Figure 
17 bottom).  The most common amphibole within AZ samples is sodic-calcic winchite (Figure 
18 top). There are also a few amounts of fibrous richterite (Figure 18 bottom) and 
magnesioriebeckite (Figure 19).  The Compelling phenomenon that is observed within vein 
amphibole chemistry is that there are multiple composition varieties of amphibole (actinolite, 
winchite, or magnesioriebeckite) in one continuous vein system (Figure 14e, f). Some replaced 
amphibole also display gradual changes in chemistry along the length of mineral grains, which 
classifies them as two, or three different amphibole minerals (Figure 12). 
Figure 21 (top) shows the comparison of a compositional range of replaced and vein 
amphiboles in AZ. Newly grown crystals (vein and crystal grains) show the relatively even 
distribution of composition from Ca-rich actinolite to sodic-calcic winchite. On the other hand, 
replaced amphibole composition is concentrated toward the Ca-rich end with some exceptions. 
4.3.1.2  NV  compositional variation & mineral names, veins vs. replacement 
Quantitative EPMA of NV samples was also collected with the same principle as AZ 
samples.  NV samples visibly have less primary magmatic amphiboles (magnesiohornblende) as 
shown in Figure 20 (top). 176 EPMA data are plotted as calcic amphibole in Figure 20 (bottom). 
Most of these are categorized as actinolite. There are seven results that were not able to be 
classified by Leake et al. (1997) nomenclature that are indicated as Sub-calcic amphibole  
because their chemistry is similar to Calcic but it has less than 1.50 Ca in B cation site. Figure 22 
further confirms that all mineralogies from NV are Ca-rich actinolite regardless of precipitation 
types.  
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4.3.2  Feldspar 
In addition to amphiboles, quantitative EPMA was conducted on altered feldspar. For 
amphibole, 144 individual analyses were collected from four AZ samples, and 130 individual 
analyses were collected from three NV samples. Data for unaltered feldspar in AZ protolith is 
obtained from Honn (2012) that its chemistry is ranged from plagioclase solid-solution 
oligoclase to labradorite as shown in Figure 23.  Three data sets for unaltered feldspar in NV are 
also obtained from Honn  (2012) that are shown in Figure 24. These feldspars are quite similar in 
composition to ones from AZ, however, the chemistry ranges only from andesine to labradorite 
with some albite and K-feldspar as shown in Figure 24. The majority of the composition of these 
feldspars are comparable regardless of a minor difference. 
In AZ samples, highly altered areas that exhibit both turbid and clear textures are 
consistently albite (An0.00-9.12) as shown in Figure 23.     
Most of the plagioclase at NV is also albite (134 out of 171 EPMA data) as shown in 
Figure 24. Additionally, there are some Ca-rich plagioclases ranging from oligoclase (An11.26) to 
andesine (An41.50). There are six data points from clear veins with actinolite fibers within turbid 
albite that are collected from BCHA-3 and MR2c, which resulted as K-feldspars.   
4.3.3  Epidote 
Epidote is only observed within altered NV samples. Many of epidote grains found 
within BCHA-3 exhibit euhedral optical zoning. However, using EPMA I classified all 49 
EPMA data points that I collected from zoned grains as epidote end-members 
(Ca2Fe3+Al3Si3O12(OH)), which contain higher Fe3+ and less Al. In addition, some secondary 
anhedral epidote after (originally) plagioclase and disseminated anhedral grains situated between 
other minerals have been observed. 
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4.3.4  Replacement Amphibole Reaction Fronts 
I used EPMA data collected from partially replaced magmatic magnesiohornblende 
grains, which are interpreted as mineral reaction fronts, to evaluate the ionic composition of 
hydrothermal fluids involved in the growth of the secondary (replacement) 
winchite/magnesioriebeckite in AZ and actinolite in NV. These are simple mass-balance 
calculations used to determine what fluid mobile elements must be exchanged to convert 
protolith amphibole to secondary fibrous amphibole. Below is an example of two such 
calculations.   
 
magnesiohornblende magnesioriebeckite (WR-1A) 
(K0.1Na0.3)(Na0.16Ca1.7Fe2+0.09Mn0.07)(Mg3.02Fe2+1.4Fe3+0.39Ti0.12Al0.07)(Al0.98Si7.02)O22(OH)2 + 
0.94·Si4+aq + 0.64·Fe3+aq + 1.6·Na+aq  
(K0.01Na0.46)(Na1.55Ca0.25Fe2+0.2)(Mg2.82Fe2+1.09 Fe3+1.03Ti0.03Al0.04)(Al0.04Si7.96)O22(OH)2 
+ 0.97·Al 3+aq + 0.09·Ti4+aq + 0.21·Mg2+aq + 0.19·Fe2+aq + 0.07·Mn2+aq + 1.44·Ca2+aq + 0.1·K+aq   
 
magnesiohornblende actinolite (MR2a 9-5) 
(K0.12Na0.30)(Na0.18Ca1.8Fe2+0.008Mn0.02)(Mg3.25Fe2+1.2Fe3+0.32Ti0.19Al0.06)(Al0.99Si7.01)O22(OH)2 + 
0.78·Si4+aq + 0.83·Fe2+aq  
 
(K0.02Na0.16)(Na0.07Ca1.74Fe2+0.2)(Mg3.08Fe2+1.85 Fe3+0.05Ti0.02Al0.01)(Al0.21Si7.79)O22(OH)2 
+ 0.83·Al 3+aq + 0.16·Ti4+aq + 0.17·Mg2+aq + 0.27·Fe3+aq  + 0.06·Ca2+aq + 0.1·K+aq  + 0.24·Na+aq 
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The above mass balanced equation of an AZ sample demonstrates that secondary reactions 
consumed Si4+, Fe3+, and Na1+ from the fluid, and released  Ca2+, Mg2+, Fe2+, Al3+, and Ti4+ to 
the fluid. On the other hand, NV samples consumed Si4+ and Fe2+ and released some amount of 
Ca2+, Mg2+, Fe3+, Al3+, Ti4+, and Na1+ to the fluid. 
Table 1 shows the ionic exchange of partially altered amphibole grains. Each sample 
consists of EPMA data as the structural formula of reactant (shown as Mg-hbld  in the first 
row), product (in the second row), and the difference (red letters in the third row) that shows 
numerical differences of each element in products relative to reactants. Sodium (A or B site), Mn, 
Fe2+ (B or C site), and Al (T or C site) can go into to more than one structural site; therefore the 
total amount of each of these elements are shown at the right end of the table. These different 
values are plotted for each element in Figure 25. It shows the trend of elemental movements that 
some elements fluctuate positively or negatively more than others relative to protolith. AZ 
samples consistently show loss of Ca, Al, and Fe2+, and gain of Na, Si, and Fe3+. The inversely 
proportional relationship is apparent for loss of Ca and gain of Na, which share the same B-
cation site, and loss of Fe2+ and gain of Fe3+, which share C-cation site. NV samples show small 
differences in values; the graph shows some trend in a minor loss of Al and gain of Si and Fe2+.  
The gain of Fe2+ within B site that is seen in Table 1 seems to be responsible for the total gain of 
Fe2+. These samples show losses of Al, Fe3+, or Mg instead. 
4.4  Fluid Inclusion Study Data 
Observations using an optical microscope indicated that these fluid inclusions from AZ 
and NV are trapped in a plane, rather than being distributed throughout the quartz. This 
observation indicates that the inclusions are secondary fluid inclusions that were trapped during 
the healing of fractures sometime after the quartz precipitated (Bodnar, 2003). The volume % of 
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spherical inclusions was estimated at room temperature (approximately 25°C) by comparing 
each inclusion with two-dimensional images of fluid inclusions (Figure 26).   
All fluid inclusions from AZ were vapor and liquid only inclusions (Figure 27). I 
observed vapor volume % ranges from <5 to 50 volume %. There were 32 fluid inclusions that I 
observed that appeared to contain a vapor bubble with another bubble inside, which may indicate 
the presence of a secondary gas (CO2) in the inclusion. However, during the cooling and heating, 
these fluid inclusions did not show any movement at the rim of vapor at the triple point of CO2. 
Heating and freezing data were obtained from 283 fluid inclusions of the AZ sample. 
Twenty-five ice melting temperatures were collected and the data ranged from -21.9 to 0.0oC, 
which is a salinity ranging from 0.0 to 23.6 wt% NaCl equivalent. The majority of ice melting 
data clustered between 21.6 to 23.6 wt% NaCl equivalent. I collected 131 homogenization 
temperatures and they are shown in Figure 29 to 32 grouped by less than 15 volume %,  
approximately 20 volume %, and larger than 30 volume %. The homogenized data ranged 
between 230 and 560oC. Three fluid inclusions did not homogenize at 600°C but preserved the 
original vapor size. Fluid inclusions that exhibit similar liquid to vapor ratio show a wide range 
of homogenization temperatures. Figure 33 shows the relationship between salinity (wt% NaCl 
equiv.) and homogenization temperature (°C) to further identify FIAs. There are two clusters of 
data that I could recognize which both have approximately 23 wt% NaCl equivalent and 
homogenization temperatures ranging between 240 to 350°C and 340 to 460°C. 
In the NV sample, there are abundant halite inclusions (Liquid+Vapor+Halite) within the 
NV sample. Some fluid inclusions contain second daughter crystal 
(Liquid+Vapor+Halite+Daughter crystal). I observed vapor volume % ranges from <5 to 50 
volume %. Irregular shaped fluid inclusions were also recognized. 
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Heating and freezing data were obtained from 247 fluid inclusions of the AZ sample. I 
collected 11 ice melting temperatures from liquid-vapor inclusions that ranged from -22.1 to -
1.7°C.  These temperatures indicate salinities of 2.9 to 23.8 wt% NaCl equivalent. I also 
collected 78 halite melting temperatures from liquid plus vapor plus halite inclusions. In these 
inclusions halite melted from 179 oC to 510 °C.  These temperatures indicate a salinity that 
ranged between 30.9 and 61.1 wt% NaCl equivalent. I was also able to record nine secondary 
daughter crystal (sylvite) melting temperatures which ranged from 180 to 360°C. I compiled 166 
homogenization temperatures that were ranged from 200 to 600°C in Figure 29 to 32. Eight fluid 
inclusions did not homogenize at 600°C but preserved the original vapor size. The data do not 
cluster and do not provide similar data required of an FIA, based on these histograms. I also 
plotted salinity versus homogenization temperature as shown in Figure 34 and recognized three 
major clusters in this figure. A group of eight fluid inclusions with halite homogenized at a lower 
temperature than halite melting temperature. The salinity is calculated to be between 36.7 and 
38.9 wt% NaCl equivalent and homogenization temperatures from 260 to 300°C which are 
plotted on the left-hand side of the dotted line in the figure. The rest of fluid inclusions with 
halite clustered with a salinity of 31.9 to 47.4 wt% NaCl equivalent and homogenization 
temperatures of 310 to 560°C. Lastly, a pair that contained the secondary daughter crystal 
(sylvite) had a salinity of 41.5 and 46.4 wt% NaCl equivalent and approximately 500°C 
homogenization temperature. 
4.4.1 Interpretation 
From the histograms of homogenization temperatures of AZ and NV (Figure 29 and 32) 
and grouping that I observed from Figure 33(AZ) and 34(NV), it is difficult to reconcile the large 
range of data with a fluid inclusion assemblage that should give a small range of data. There are 
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numerous vapor bubbles that did not change in size during heating. There could possibly be 
some leakage during the heating process, or some fluid inclusions may have been too small to 
make accurate visual observations of liquid-vapor ratios. 
Fluid inclusions from AZ that show rings inside of vapors did not show any movement at 
the triple point of CO2 at -56.6°C, therefore, these apparent double rings are not indicating CO2 
fluids. Additional daughter crystals were observed within some fluid inclusions from the NV 
sample (Liquid+Vapor+Halite+Daughter Crystal). Daughter crystals that are may occur with 
halite are sylvite (KCl) and CaCl2. H2O-NaCl-CaCl2 system has an ice melting temperature of 
between -40 and -50°C.  However, no such phase change was observed within these fluid 
inclusions from NV. Because Na and K are commonly dominant cations in hydrothermal 
systems associated with granitic magmas (Bodnar, 2003), second daughter crystals that have 
been observed are most likely to be sylvite. 
4.5 Whole-Rock Chemistry on Actinolite-bearing Samples  
Figure 35 shows the result of the whole rock chemistry of five NV samples plotted with 
published AZ whole rock chemistry from  Metcalf and Buck (2015). Three samples have a 
similar result as unaltered protolith of AZ samples that relatively low in SiO2 and Na2O. Two 
samples seem to contain more SiO2 and Na2O than the other three samples that they show similar 
chemistry to least Na rich samples among AZ altered samples. 
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Chapter 5: Discussion 
5.1 General Process at AZ and NV  
5.1.1  Evidence of Hydrothermal Activity 
There is enough evidence to indicate that plutons in AZ and NV have been affected by 
the hydrothermal activity. There are numerous secondary textures and minerals that I observed 
that are not recognized in protolith. This includes turbidity in feldspars, sericite alteration of 
plagioclase; , epidote, hematite (after magnetite), and 
fibrous amphiboles that do not preserve physical properties of primary magmatic hornblende.  
There are abundant examples of cross-cutting veins of amphibole, quartz, feldspars, and epidote 
that also imply fairly intense hydrothermal activity.  
5.1.2  Texture 
Three modes of texture categories that I observed (Types I, II and III) can be interpreted as 
evidence of the growth of 
new mineral structure precipitated directly from a fluid. I interpret fracture fill mats of fibers 
(Type I) and fibrous amphibole intergrowths with other minerals (Type II) as the products of 
neocrystallization recrystallized
replacement of a preexisting primary (magmatic) prismatic magnesiohornblende by fibrous 
actinolite, winchite and/or other amphiboles (Type III).  
5.1.3 Timing of Alteration 
5.1.3.1  Evidence of alteration with early fluids  
It seems apparent that alteration happened in multiple phases. Some alteration textures do 
not associate with amphibole fibers. Plagioclase exhibiting sericite alterations and albitization 
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that causes turbidity among feldspars lack type II fiber intergrowth. These properties suggest the 
first interaction of the fluid and rock.      
5.1.3.2  Evolution of fluids (type III recrystallized amphiboles formation) 
This early water-rock interaction is thought to be reactive as the fluid is out of 
equilibrium with rocks, especially amphiboles and Ca-bearing plagioclase. As the fluid removed 
ions from magmatic hornblende, it became enriched with amphibole building ions that drive 
fluid to equilibrium (Putnis and John, 2010). Primary magnesiohornblende reacts with such fluid 
and recrystallizes as amphibole with slightly different chemistry. As a result, the remaining fluid 
evolves to be in equilibrium with this secondary amphibole (actinolite or winchite).  
5.1.3.3  Evidence of alteration with later fluid (type I and II neocrystallization) 
The final stage of alteration is the neocrystallization of amphibole. Type I amphibole 
(fracture fill mats of fibers) were directly precipitated from the amphibole saturated fluid as veins. 
This timing should have been after type III (recrystallized amphibole) formation as these fracture 
fill veins cut such type III grains.  
Additionally, type II (splayed bundles and cross-fibers intergrown within other minerals) 
must have grown simultaneously with their surrounding hosts. Clear albite veins that contain 
amphibole fibers always cut pre-existing turbid albite. Clear K-feldspar veins with amphibole 
fibers that are observed in NV also cut turbid plagioclase. These veins and patches of clear 
feldspar including fibrous amphibole are often continuous with fracture fill veins of amphibole 
asbestos (Figure 10a and b). Quartz and epidote veins within NV samples that contain amphibole 
fibers also cross-cut existing minerals, which suggests a later timing of precipitation. Some of the 
disseminated quartz and epidote that exhibit serrated texture also enclose such fibers.     
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5.2 Differences between AZ and NV 
5.2.1  Fluid Inclusions 
5.2.1.1  Na/Ca Ratio 
Fluid inclusion assemblages that were cataloged before the heating did not result in 
consistent homogenization temperatures, hence there was no interpretable data. At the beginning 
of this experiment, I hypothesized that the relatively higher abundance of Na in the fluid at AZ 
was a cause of a population of Na-rich amphiboles in the region, however, NV fluid inclusions 
visually contained more halite crystals which means the salinity of the fluid in NV was higher 
than the fluid in AZ. Figure 36 was constructed using thermodynamic data for ferroactinolite and 
riebeckite (Holland and Powell, 2004) to illustrate the stability of two possible products of Na-
rich amphibole and Ca-rich amphibole. It shows that when the ratio of Na to Ca increases on the 
x-axis, and Fe3+ to Fe2+also increases on the y-axis, riebeckite becomes the most stable mineral 
instead of ferroactinolite. If the ratio of Ca ions to Na ions was increased in the fluid, Ca-rich 
ferroactinolite would likely alter to riebeckite. Our hypothesis disproved that the quantity of Na 
was higher within NV fluid inclusions relative to AZ fluid inclusions although AZ samples are 
dominated by Na-rich minerals. The diagram explains the fact that Ca/Na cation ratio is 
responsible for mineral stability, not the absolute abundance of Na in the fluid.  
5.2.1.2 Salton Sea Comparison 
Active hydrothermal fluid at the Salton Sea that associates with similar mineral 
assemblages as NV is hypersaline Na-Ca-K-Cl geothermal brine. Despite the high salinity of the 
fluid, the coexistence of Ca results in actinolite, which further confirms the importance of Na/Ca 
ratio rather than an absolute abundance of Na.  
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5.2.2  Mineralogy 
5.2.2.1  Amphibole 
Optical observation and EMPA data of secondary fibrous amphibole from AZ and NV 
show that their mineralogy is quite different despite their similarities in protolith. AZ samples are 
abundant with NaFe3+-amphiboles, especially winchite, less commonly richterite, 
magnesioriebeckite and some Ca-rich actinolite. The ionic replacement that is measured by 
EMPA data indicates Ca and Fe2+  replaced by Na and Fe3+.  On the other hand, NV samples are 
dominated by actinolite with only solvent loss of Al and gain of Si which is responsible for the 
mineral nomenclature change from hornblende to actinolite, therefore, there is no other major 
ionic movement recognized in the NV samples. The fluid that interacted with AZ rocks results in 
significant ionic exchange in product amphibole, and conversely, the fluid that interacted with 
NV rocks shows minimal ionic exchange.   
5.2.2.2  Associated minerals 
AZ feldspars are dominantly albite, which is a Na-end member of plagioclase solid-
solution, regardless of their turbidity. Majority of NV feldspars are also albite, however, they 
also contain later stage (clear) K-feldspar. Sylvite in fluid inclusions and K-feldspar are only 
observed within NV samples, which indicate K in the NV fluids. K is also recognized in Salton 
Sea geothermal brine. The hypothesis was predicting simply Na-rich fluid (AZ) versus Ca-rich 
fluid (NV), however, albitization of feldspars at both location reveal high Na enrichment of both 
fluids. The associated minerals observed in NV also correlate to those that are observed at the 
Salton Sea, such as albite, K-feldspar, epidote, (chlorite,) calcite, and quartz. 
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5.2.3  Whole Rock Chemistry (NV) 
As a result, three whole rock chemistry data of NV are fairly close to protolith values, 
which correspond to EMPA data of amphibole grains. However, two samples that are relatively 
felsic show an increse in Na. This indicates albitization of abundant feldspars in these samples 
and explains that elevated Na but not as much as AZ samples with Na-rich amphiboles.   
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Chapter 6: Conclusion 
This study was designed to test the hypotheses that 1) fluids with two different salinities 
have altered quartz monzonite plutons in AZ and NV resulting in Na-rich and Ca-rich amphibole 
asbestos respectively, and  2) formation of asbestiform amphibole is possible by hydrothermal 
alteration of pre-existing magmatic hornblende that does not require open space. The conclusions 
of this thesis are: 
1.  Both Wilson Ridge pluton in AZ and Boulder City pluton in NV experienced 
hydrothermal activity after solidification. The hydrothermal alteration occurred in several 
stages with alternating fluids that had been buffered by surrounding minerals. 
2. Na-rich minerals (NaFe3+-amphiboles and albite), hematite with Fe3+, and Ca-rich 
actinolite are consistently recognized within AZ samples. 
3. Ca-rich minerals (actinolite, calcite, and epidote) dominate NV samples. Feldspar 
chemistry ranges from andesine (An41.50) to albite (An0.00), and also includes some K-
feldspars. 
4. AZ pluton experienced a higher magnitude of ion-exchange during a hydrothermal 
activity that resulted in contrasting amphibole species from the original lithology. 
Although NV pluton experienced hydrothermal alteration, protolith and altered minerals 
have relatively similar chemistry. 
5. Even though I could not interpret the result of fluid inclusion analysis, a higher 
population of halite inclusions suggests a higher absolute abundance of Na in the fluid at 
NV relative to AZ, which does not support my first hypothesis. I conclude that the 
formation of amphibole species is controlled by the ionic ratio of Na/Ca and Fe3+ /Fe2+ of 
the fluid, rather than an absolute abundance of specific ion. 
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6. Amphibole asbestos precipitated with two different mechanisms. Neocrystallized  
asbestos formed in open spaces as wildly recognized, or formed within other non-
amphibole minerals. My second hypothesis was supported as Recrystallized  asbestos 
utilized pre-existing magmatic hornblende structure and replaced by fibrous amphibole. 
7. AZ amphiboles show gradual change with a wider range of amphibole chemistry from 
primary to altered state.  On the other hand, primary and altered amphiboles in NV share 
fairly close chemistry and mostly show completion of replacement.  
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Figure 1: Geologic map of Boulder City pluton, Wilson Ridge pluton, and found NOA amphiboles (Buck 
et al., 2013). 
WPR- Wilson River pluton; BCP-Boulder City pluton; BMC-Black Mountain conglomerate; DV-Detrital 
Valley; NV-Nevada; CA-California; AZ-Arizona 
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Figure 2: Fracture fill vein (unpolarized). 
 
Figure 3: Altered fibrous amphibole (cross-polar). 
f.a.=fibrous amphibole 
 
Figure 4: Unaltered magmatic magnesiohornblende  
that shows cleavages (unpolarized). 
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Figure 5: Vapor-saturated phase relations in the NaCl- H2O system at low temperatures. 
I = ice; L = liquid; HH =hydrohalite; H = halite; P = peritectic (0.1°C, 26.3 wt.% NaCl);  
E = eutectic (-21.2°C, 23.2 wt.% NaCl) (Bodnar, 2003) 
 
 
 
 
Figure 6: Vapor-saturated phase relations in the NaCl- H2O system. 
P = peritectic (0.1°C, 26.3 wt.% NaCl); E = eutectic (-21.2°C, 23.2 wt.% NaCl) (Bodnar, 2003) 
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Figure 7: Photomicrographs of unaltered granite. 
Arizona sample 9010-4 under crossed-polars (a) and plain polarized light (b); images exhibit primary 
magmatic hornblende, biotite, quartz, and plagioclase (oligoclase) with chemical zonings. 
Magnesiohornblende is subhedral prismatic, moderately pleochroic and shows clear 60/120 
cleavages on a- and b-axes. Nevada sample 1210-3 under crossed-polars (c) and plain polarized light 
(d); images exhibit primary magmatic hornblende, biotite, and lath-shaped plagioclase (oilgoclase). 
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Figure 8: Photomicrographs of monomineralic veins of fibrous NaFe3+-amphibole from Arizona. 
Sample DP-1 under crossed-polars (a) and plain polarized light (b); images show anastomosing veins of 
fibrous magnesioriebeckite and winchite vein (arrows). The vein has a width that ranges between 0.5 to 3 
mm, cutting altered turbid plagioclase (albite). Fibers are parallel to vein margins, such fibers are called 
slip-fibers. Sample KW4-24-5a under crossed-polars (c) and plain polarized light (d); images show a 
fibrous magnesioriebeckite vein (arrows) cutting turbid albite, no preferred orientation of fibers is 
observed. 
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Figure 9: Photomicrographs of monomineralic veins of fibrous actinolite from Nevada. 
Sample MR2a under crossed-polars (a) and plain polarized light (b); images show fibrous actinolite vein 
(arrows) ~0.1 mm wide cutting altered plagioclase in granite.  Fibers are parallel to vein margins, such 
fibers are called slip-fibers. Sample MR415-1 under crossed-polars (c) and plain polarized light (d); 
images show part of a fibrous actinolite vein (arrows) at the edge of the thin section, no preferred 
orientation of fibers is observed. 
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Figure 10: Photomicrographs of amphibole asbestos intergrown with other alteration minerals in Arizona. 
Sample HT-794 under crossed-polars (a) and plain polarized light (b); images show a stream of asbestos 
fibers within clear veins of albite, continuous from adjacent winchite/actinolite fibrous vein. Surrounding 
albite is turbid but does not contain asbestos. Sample KW3-18-5B under crossed-polars (c) and plain 
polarized light (d); images show narrow streams of albite containing individual NaFe3+-amphibole fibers 
cutting quartz grains. 
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Figure 11: Photomicrographs of actinolite asbestos intergrown with other alteration minerals in NV. 
(a) Sample MR2b under plain polarized light; Images show a clear quartz vein cutting granitic fabric 
horizontally that includes individual asbestos fibers. The vein is also cut by a thin calcite vein vertically. 
(b) Sample BCHA-1 under crossed-polars; a disseminated epidote grain that contains actinolite asbestos 
fibers that grew in relatively the same direction. Sample Adams2 under crossed-polars (c) and plain 
polarized light (d); images show monomineralic epidote vein that cuts altered granitic rock that contained 
actinolite asbestos fibers. Fiber growth direction is almost perpendicular to the vein wall, a term referred 
to as cross-fibers. Sample MR2c under crossed-polars (e) and plain polarized light (f); a clear k-feldspar 
vein that contains actinolite asbestos fibers with irregular orientation within turbid albite. 
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Figure 12: Photomicrographs of secondary replacement of magmatic amphibole in Arizona. 
Sample WR-1A under crossed-polars (a)(c) and plain polarized light (b)(d); Fibrous NaFe3+-amphibole 
partially pseudomorphing primary magmatic magnesiohornblende surrounded by altered plagioclase 
(albite). Fibrous amphibole is intergrown with albite at the right edge of the amphibole pseudomorph. 
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Figure 13: Photomicrographs of secondary replacement of prismatic magmatic amphibole in Nevada.  
Images show fibrous actinolite as pseudomorphic replacement of primary magmatic magnesiohornblende 
within altered granitic rock. Sample MR2c under crossed-polars (a) and plain polarized light (b); Sample 
MR2a under crossed-polars (c) and plain polarized light (d). 
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Figure 14: Photomicrographs of commonly associated minerals in Arizona. 
Sample KW10-18/3 under crossed-polars; (a) An image shows plagioclase grains that have been altered 
to sericite. (b) An image shows plagioclase that exhibits checkerboard twinning, which is an indication of 
albite composition. Moderately altered to sericite. Sample HT794-4a under crossed-polars (c) and plain 
polarized light (d); Images show turbid albite grains that display clear veins with the same composition.  
Red rimmed hematite is also present. Sample HT794-4a under crossed-polars (e) and plain polarized light 
(f); Images show oxide mineral (magnetite and hematite) recognized within fracture fill amphibole 
(winchite and actinolite) vein.  
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Figure 15: Photomicrographs of commonly associated alteration minerals in Nevada.  
(a) Sample BCHA1 under crossed-polar shows disseminated calcite and epidote grains recognized among 
plagioclase. Sample MR2c under crossed-polars (b) (c) (e) and plain polarized light (d) (f); (b) shows 
plagioclase grains preserving primary lath shapes and polysynthetic twinning (albite and/or pericline) 
after the moderate alteration. (c) and (d) show a calcite vein cutting a partially altered fibrous actinolite 
grain. The center part of the amphibole grain still retains magmatic (magnesiohornblende) composition. 
(e) and (f) show a calcite vein that cuts through pre-existing actinolite vein in the same direction.  
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Figure 16: Backscatter images of fibrous amphibole veins. 
 (a) Sample WR-DP-1 from Arizona showing a fibrous winchite vein (b) Sample MR2b from Nevada 
showing a fibrous actinolite vein cutting a calcite vein horizontally.  
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Figure 17: Calcic amphibole (CaB > 1.50) composition with (Na+K)A < 0.50 that includes actinolite and 
hornblende. Mineralogy of samples from four locations from Arizona is shown. 
Primary magmatic amphibole (top) and amphibole with replaced texture (bottom) 
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Figure 18: Sodic-Calcic amphibole ((Ca+NaB) > 1.00) composition with 0.50 < NaB  < 1.50. Mineralogy 
of samples from four locations from Arizona is shown. 
(top) Composition with (Na+K)A < 0.50 that include winchite is shown. (bottom) Composition with 
(Na+K)A > 0.50 that include richterite is shown. 
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Figure 19: Sodic amphibole (NaB > 1.50) composition with (Na+K)A < 0.50; (Mg+Fe2++Mn2+) > 2.5; 
(VIAl or Fe) > Mn3+; VIAl > Fe); Li < 0.5; (Mg or Fe2+) > Mn2+ that includes magnesioriebeckite. 
Mineralogy of samples from two locations from Arizona is shown. 
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Figure 20: Calcic amphibole (CaB > 1.50) composition with (Na+K)A < 0.50 that includes actinolite and 
hornblende.  
Mineralogy of samples from four locations from Nevada is shown. Primary magmatic amphibole (top) 
and amphibole with replaced texture (bottom) 
50 
 
 
Figure 21: Compositional range of replaced and vein amphiboles in Arizona.  
(top) Classification of amphibole (bottom) Substation of Na1+ for Ca2+ on the B-cation site charge 
balanced by Fe3+ on C-cation site and Na1+ on A-cation site. 
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Figure 22: Compositional range of replaced and vein amphiboles in Nevada. 
(top) Classification of amphibole (bottom) Substation of Na1+ for Ca2+ on the B-cation site charge 
balanced by Fe3+ on C-cation site and Na1+ on A-cation site. 
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Figure 23: Composition range of feldspar in Arizona samples. 
Unaltered WRP (Wilson Ridge Pluton) is a representative of unaltered AZ pluton from Honn, 2012 
plotted with open triangles. Filled triangles indicate altered samples. 
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Figure 24: Composition range of feldspar in Nevada samples. 
Open triangles indicate unaltered samples, and filled triangles indicate altered samples.  
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Figure 25: Ion exchange of hydrothermally altered amphibole in Arizona (top) and Nevada (bottom). 
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Figure 26: An illustration showing estimated ratios of vapor and liquid phase. 
(https://www.appliedminex.com/viewpoint/carb-calc.htm) 
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Figure 27: Photomicrographs of fluid inclusions from KW4-27-5A (AZ). 
Volume % is visually estimated. 
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Figure 28: Photomicrographs of fluid inclusions from E031914-6a (NV). 
Volume % is visually estimated. NaCl=Halite KCl=Sylvite 
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Figure 29: Histograms showing the number of fluid inclusions with smaller than 15 volume % vapor sizes 
that homogenized at different temperatures. 
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Figure 30: Histograms showing the number of fluid inclusions with 20 volume % vapor sizes that 
homogenized at different temperatures. 
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Figure 31: Histograms showing the number of fluid inclusions with larger than 30 volume % vapor sizes 
that homogenized at different temperatures. 
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Figure 32: Histograms showing the number of fluid inclusions that homogenized at different temperatures. 
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Figure 33: A graphs indicating the relationship between homogenization temperatures and salinity of 
observed fluid inclusions of AZ samples. 
 L=liquid, V=vapor, H=halite, D=daughter crystal 
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Figure 34: A graphs indicating the relationship between homogenization temperatures and salinity of 
observed fluid inclusions of NV samples. 
L=liquid, V=vapor, H=halite, D=daughter crystal 
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Figure 35: Whole rock geochemistry of NV samples comparison to AZ samples. 
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Figure 36: Mineral stability field of ferroactinolite and riebeckite. 
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Appendix A: Quantitative EPMA Result of AZ Amphiboles 
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Appendix B: Quantitative EPMA Result of NV Amphiboles 
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Appendix C: Quantitative EPMA Result of AZ Feldspars 
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Sample    (wt.%) SiO2 Al2O3  FeO CaO K2O  Na2O Total An Ab Or 
WR1a 1-1  67.17 19.62 0.08 0.05 0.08 12.23 99.25 0.21 99.35 0.44 
WR1a 1-8  69.48 20.72 0.04 0.24 0.02 8.05 98.55 1.64 98.17 0.18 
WR1a 1-9  66.41 19.98 0.14 0.09 0.05 11.76 98.42 0.41 99.30 0.29 
WR1a 1-10  66.70 19.93 0.06 0.19 0.04 12.15 99.07 0.85 98.94 0.21 
WR1a 2-1  67.55 19.16 0.16 0.03 0.05 11.70 98.65 0.13 99.58 0.29 
WR1a 2-14  67.05 19.67 0.12 0.07 0.04 12.19 99.12 0.29 99.51 0.19 
WR1a 2-15  65.29 19.27 0.00 0.06 0.08 11.71 96.40 0.30 99.29 0.42 
WR1a 2-16  66.60 19.78 0.16 0.04 0.05 12.05 98.68 0.20 99.52 0.28 
WR1a 2-17  68.02 20.16 0.16 0.03 0.02 12.42 100.80 0.12 99.77 0.12 
WR1a 2-18  67.44 19.85 0.22 0.02 0.02 12.12 99.66 0.07 99.81 0.12 
WR1a 3-11  65.58 20.79 0.21 0.18 0.75 10.60 98.11 0.86 94.74 4.39 
WR1a 3-12  66.33 20.20 0.08 0.31 0.12 11.83 98.87 1.43 97.92 0.65 
WR1a 3-13  66.86 20.16 0.03 0.32 0.07 11.84 99.27 1.46 98.17 0.37 
WR1a 3-14  67.59 19.84 0.21 0.02 0.04 12.12 99.80 0.08 99.73 0.19 
WR1a 5-10  66.89 19.64 0.04 0.13 0.09 12.00 98.79 0.58 98.92 0.50 
WR1a 5-11  67.54 19.46 0.19 0.03 0.10 12.00 99.32 0.15 99.28 0.57 
WR1a 5-12  68.08 19.61 0.21 0.03 0.04 11.28 99.24 0.13 99.66 0.21 
WR1a 5-13  67.95 20.07 0.17 0.02 0.02 11.71 99.93 0.08 99.80 0.12 
WR1a 5-14  67.30 19.80 0.18 0.17 0.04 11.97 99.47 0.79 98.99 0.22 
WR1a 6-16  68.48 20.11 0.19 0.02 0.01 12.32 101.12 0.08 99.87 0.05 
WR1a 6-17  67.63 20.03 0.11 0.12 0.05 11.92 99.86 0.55 99.20 0.26 
WR1a 7-16  66.74 20.08 0.14 0.07 0.06 11.52 98.60 0.32 99.32 0.35 
WR1a 7-17  67.62 19.72 0.11 0.04 0.09 11.99 99.57 0.19 99.33 0.48 
WR1a 7-18  65.66 20.30 0.05 0.15 0.36 11.49 98.02 0.70 97.28 2.03 
HT794-4a 1-5  69.08 19.33 0.06 0.04 0.08 11.24 99.83 0.20 99.35 0.45 
HT794-4a 1-6 69.29 19.46 0.14 0.02 0.03 11.29 100.22 0.09 99.76 0.15 
HT794-4a 1-7 67.59 19.38 0.00 0.04 0.07 11.47 98.56 0.20 99.39 0.41 
HT794-4a 1-8 68.00 19.38 0.20 0.06 0.01 11.38 99.04 0.30 99.63 0.07 
HT794-4a 2-3  68.99 19.58 0.04 0.10 0.09 11.29 100.10 0.50 98.97 0.52 
HT794-4a 2-4 69.44 19.46 0.10 0.01 0.04 11.45 100.50 0.03 99.72 0.25 
HT794-4a 2-5 68.50 19.41 0.07 0.02 0.10 11.33 99.42 0.07 99.36 0.57 
HT794-4a 2-6 69.38 19.47 0.04 0.06 0.06 11.36 100.35 0.28 99.40 0.32 
HT794-4a 2-17  68.56 19.56 0.09 0.26 0.08 11.11 99.66 1.25 98.29 0.45 
HT794-4a 2-18 68.27 19.82 0.04 0.36 0.06 11.13 99.66 1.75 97.90 0.35 
HT794-4a 2-19 67.96 19.58 0.06 0.32 0.05 10.99 98.97 1.57 98.11 0.31 
HT794-4a 2-20 68.99 19.09 0.15 0.00 0.02 11.43 99.67 0.00 99.89 0.11 
HT794-4a 2-21 69.28 19.52 0.05 0.14 0.06 11.35 100.40 0.67 98.97 0.36 
HT794-4a 2-22 68.52 19.32 0.12 0.01 0.03 11.03 99.02 0.07 99.76 0.17 
HT794-4a 3-6  69.90 19.42 0.11 0.09 0.07 11.08 100.67 0.44 99.14 0.42 
HT794-4a 3-7 68.63 19.63 0.03 0.38 0.08 11.39 100.14 1.78 97.75 0.47 
HT794-4a 3-8 69.27 19.39 0.11 0.00 0.07 11.12 99.97 0.00 99.58 0.41 
HT794-4a 3-12  69.14 19.35 0.21 0.01 0.06 11.33 100.09 0.05 99.61 0.34 
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Sample    (wt.%) SiO2 Al2O3  FeO CaO K2O  Na2O Total An Ab Or 
HT794-4a 4-7  67.03 19.71 0.20 0.06 0.11 11.00 98.11 0.28 99.09 0.63 
HT794-4a 4-8 69.32 19.52 0.13 0.03 0.04 11.42 100.46 0.16 99.59 0.25 
HT794-4a 4-9 69.64 19.55 0.11 0.00 0.04 11.42 100.76 0.00 99.78 0.22 
HT794-4a 4-10 69.55 19.47 0.00 0.04 0.05 11.39 100.50 0.20 99.53 0.26 
HT794-4a 4-11 69.34 19.79 0.03 0.27 0.07 11.41 100.91 1.27 98.36 0.37 
HT794-4a 4-12 68.94 19.42 0.06 0.04 0.10 11.22 99.77 0.18 99.25 0.57 
HT794-4a 4-21  68.65 19.48 0.18 0.03 0.06 11.44 99.84 0.16 99.49 0.34 
HT794-4a 4-22 68.95 19.51 0.04 0.11 0.07 11.30 99.99 0.54 99.03 0.43 
HT794-4a 4-23 69.41 19.63 0.00 0.11 0.06 11.37 100.59 0.54 99.09 0.36 
HT794-4a 4-24 69.21 19.60 0.14 0.04 0.07 10.92 99.97 0.20 99.37 0.43 
HT794-4a 4-25 69.43 19.63 0.06 0.08 0.07 11.40 100.67 0.38 99.21 0.41 
HT794-4a 4-26 68.42 19.70 0.06 0.19 0.08 11.10 99.56 0.95 98.58 0.47 
HT794-4a 4-27 69.49 19.65 0.09 0.18 0.04 11.36 100.81 0.85 98.91 0.24 
HT794-4a 4-31  69.71 19.56 0.22 0.05 0.11 11.55 101.21 0.26 99.10 0.64 
HT794-4a 4-32 68.69 19.92 0.05 0.39 0.05 11.32 100.43 1.86 97.86 0.28 
HT794-4a 4-33 69.08 19.69 0.18 0.20 0.07 11.12 100.34 0.98 98.61 0.41 
HT794-4a 4-36  69.52 19.56 0.21 0.05 0.07 11.46 100.88 0.23 99.35 0.41 
HT794-4a 4-37 69.70 19.68 0.23 0.13 0.07 11.25 101.05 0.62 99.01 0.38 
HT794-4a 4-38 69.34 19.48 0.29 0.04 0.05 11.55 100.74 0.20 99.54 0.27 
HT794-4a 4-39 65.51 18.96 0.10 0.18 0.12 10.59 95.45 0.94 98.33 0.73 
HT794-4a 4-40 68.57 19.48 0.17 0.01 0.06 11.22 99.52 0.06 99.57 0.36 
HT794-4a 4-41 69.61 19.55 0.02 0.02 0.06 11.32 100.56 0.08 99.60 0.32 
HT794-4a 4-45  67.85 19.51 0.15 0.18 0.08 11.25 99.02 0.87 98.67 0.46 
HT794-4a 4-46 68.16 19.41 0.09 0.04 0.05 11.49 99.23 0.18 99.57 0.26 
HT794-4a 4-47 69.25 19.72 0.07 0.17 0.07 11.42 100.69 0.80 98.80 0.40 
HT794-4a 4-51  68.55 19.86 0.00 0.26 0.08 11.13 99.88 1.27 98.26 0.46 
HT794-4a 4-52 69.75 19.57 0.25 0.13 0.10 11.65 101.45 0.60 98.83 0.57 
HT794-4a 5-1  68.50 19.64 0.15 0.32 0.08 11.16 99.84 1.57 97.99 0.44 
HT794-4a 5-14  69.14 19.41 0.06 0.07 0.08 11.72 100.47 0.30 99.25 0.45 
HT794-4a 5-15  67.23 19.51 0.08 0.10 0.05 11.06 98.03 0.51 99.20 0.29 
HT794-4a 5-16  68.77 19.77 0.07 0.30 0.07 11.29 100.26 1.43 98.20 0.38 
HT794-4a 5-17 67.64 19.08 0.08 0.03 0.09 10.66 97.58 0.17 99.29 0.54 
HT794-4a 5-18 69.59 19.55 0.13 0.10 0.11 11.16 100.64 0.49 98.85 0.65 
HT794-4a 5-29  70.82 19.73 0.30 0.05 0.07 12.01 102.97 0.21 99.40 0.39 
HT794-4a 5-30 69.66 19.17 0.22 0.06 0.03 11.19 100.34 0.28 99.53 0.19 
HT794-4a 5-31 70.03 19.74 0.06 0.08 0.07 11.44 101.42 0.38 99.21 0.41 
HT794-4a 5-32 68.53 19.61 0.04 0.05 0.09 11.24 99.55 0.24 99.22 0.54 
HT794-4a 5-43  69.60 19.43 0.09 0.08 0.08 11.41 100.68 0.37 99.15 0.48 
HT794-4a 5-45  69.62 19.91 0.11 0.35 0.05 10.89 100.93 1.76 97.92 0.32 
HT794-4a 5-46  69.10 19.49 0.11 0.21 0.10 11.41 100.42 1.01 98.41 0.57 
HT794-4a 5-50  69.91 19.37 0.19 0.00 0.01 11.26 100.73 0.00 99.92 0.08 
HT794-4a 5-51  68.50 19.48 0.13 0.00 0.04 11.18 99.33 0.00 99.79 0.21 
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Sample    (wt.%) SiO2 Al2O3  FeO CaO K2O  Na2O Total An Ab Or 
HT794-4a 6-1  69.54 19.56 0.13 0.03 0.04 11.34 100.64 0.12 99.63 0.25 
HT794-4a 6-2 68.38 19.25 0.00 0.02 0.08 11.47 99.19 0.10 99.48 0.43 
HT794-4a 6-3 69.23 19.57 0.14 0.06 0.13 11.25 100.38 0.29 98.98 0.73 
HT794-4a 6-4 68.38 19.08 0.67 0.40 0.19 10.99 99.72 1.95 96.93 1.11 
HT794-4a 6-14  69.42 19.33 0.09 0.06 0.11 10.94 99.96 0.32 99.01 0.67 
HT794-4a 6-17  69.71 19.61 0.11 0.03 0.07 11.29 100.82 0.16 99.46 0.38 
HT794-4a 6-18 69.82 19.52 0.13 0.09 0.09 11.36 101.00 0.44 99.03 0.53 
HT794-4a 6-19 69.27 19.24 0.13 0.24 0.09 11.07 100.02 1.16 98.33 0.51 
HT794-4a 6-24  69.64 19.78 0.02 0.28 0.08 11.07 100.86 1.37 98.18 0.44 
HT794-4a 6-25  69.30 19.21 0.01 0.05 0.10 11.44 100.12 0.26 99.19 0.55 
HT794-4a 7-2  70.35 19.68 0.15 0.01 0.05 11.94 102.17 0.03 99.68 0.29 
HT794-4a 7-3 67.68 19.43 0.08 0.11 0.06 11.22 98.58 0.55 99.10 0.35 
HT794-4a 7-5  69.57 19.76 0.09 0.21 0.09 11.24 100.95 1.03 98.48 0.50 
HT794-4a 7-6 69.05 19.44 0.17 0.07 0.06 11.51 100.32 0.34 99.29 0.36 
HT794-4a 7-8  69.71 19.56 0.16 0.05 0.08 11.39 100.93 0.25 99.31 0.44 
HT794-4a 7-10  69.78 19.67 0.02 0.22 0.07 11.32 101.08 1.07 98.54 0.40 
HT794-4a 7-11  68.86 19.77 0.12 0.37 0.07 10.91 100.09 1.84 97.75 0.41 
HT794-4a 7-16  67.01 16.18 3.54 0.93 0.05 10.71 98.44 4.58 95.10 0.32 
HT794-4a 7-17  67.72 20.29 0.13 0.08 0.11 10.93 99.25 0.39 98.97 0.64 
HT794-4a 7-18  70.10 19.51 0.09 0.00 0.03 11.39 101.12 0.00 99.84 0.16 
HT794-4a 7-19 66.61 19.69 0.18 0.09 0.11 10.94 97.62 0.46 98.88 0.66 
HT794-4a 7-25  68.43 19.56 0.31 0.26 0.07 11.13 99.76 1.28 98.31 0.41 
HT794-4a 7-26 65.06 14.97 5.07 1.04 0.09 9.70 95.93 5.57 93.84 0.59 
KW3-18/5b 3-6  68.23 19.66 0.21 0.36 0.04 11.22 99.72 1.74 98.05 0.21 
KW3-18/5b 3-7  67.17 19.95 0.15 0.28 0.05 11.92 99.51 1.27 98.47 0.26 
KW3-18/5b 3-8  67.71 19.29 0.09 0.16 0.06 11.64 98.95 0.75 98.92 0.32 
KW3-18/5b 3-9  68.05 20.17 0.08 0.62 0.05 11.28 100.26 2.92 96.79 0.29 
KW3-18/5b 3-10  67.30 18.99 0.10 0.08 0.07 10.99 97.53 0.41 99.18 0.40 
KW3-18/5b 6-1  66.80 20.03 0.07 0.38 0.06 10.89 98.22 1.87 97.77 0.36 
KW3-18/5b 6-3  60.64 24.54 0.16 5.76 0.43 7.71 99.24 28.46 69.00 2.54 
KW3-18/5b 6-4  60.57 25.16 0.21 6.21 0.22 7.75 100.11 30.31 68.43 1.26 
KW3-18/5b 6-5  62.73 23.11 0.13 4.50 0.40 8.62 99.49 21.88 75.80 2.33 
KW3-18/5b 6-6  60.53 24.47 0.23 5.31 3.12 6.24 99.89 26.14 55.57 18.28 
KW3-18/5b 6-7  60.47 24.05 0.23 5.19 0.39 8.46 98.80 24.76 73.01 2.23 
KW3-18/5b 6-8  59.53 25.76 0.16 4.19 1.58 7.02 98.24 22.30 67.67 10.03 
KW3-18/5b 6-9  63.29 23.55 0.12 4.30 0.08 9.03 100.37 20.75 78.82 0.43 
KW3-18/5b 6-10  65.04 22.06 0.16 0.66 1.52 9.32 98.75 3.40 87.22 9.38 
KW3-18/5b 7-16  69.10 19.29 0.44 0.34 0.06 11.64 100.87 1.60 98.09 0.30 
KW3-18/5b 7-21  69.80 18.39 0.16 0.14 0.03 10.95 99.46 0.71 99.13 0.17 
KW3-18/5b 9-16 67.77 19.37 0.12 0.07 0.11 11.27 98.69 0.32 99.05 0.63 
KW3-18/5b 10-5  67.26 19.41 0.12 0.29 0.07 11.13 98.27 1.42 98.17 0.41 
KW3-18/5b 10-9  69.21 19.67 0.13 0.08 0.04 11.55 100.67 0.36 99.40 0.24 
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Sample    (wt.%) SiO2 Al2O3  FeO CaO K2O  Na2O Total An Ab Or 
WR-DP-1 1-7  68.78 19.63 0.16 0.09 0.08 11.46 100.20 0.43 99.11 0.46 
WR-DP-1 1-8  66.42 20.33 0.02 0.14 0.09 10.71 97.71 0.71 98.74 0.55 
WR-DP-1 1-9  66.56 19.94 0.07 0.18 0.14 11.22 98.09 0.88 98.34 0.78 
WR-DP-1 1-10  70.12 19.61 0.00 0.06 0.08 11.83 101.70 0.26 99.29 0.44 
WR-DP-1 2-3  68.41 19.38 0.09 0.16 0.09 11.39 99.52 0.79 98.71 0.50 
WR-DP-1 2-12  65.10 19.92 0.09 0.48 0.08 10.88 96.54 2.35 97.20 0.45 
WR-DP-1 3-5  69.34 19.83 0.04 0.26 0.08 11.46 101.01 1.21 98.33 0.46 
WR-DP-1 3-8  68.72 19.30 0.10 0.12 0.11 11.33 99.68 0.57 98.77 0.65 
WR-DP-1 3-9  67.12 20.24 0.23 0.17 0.11 11.18 99.04 0.81 98.54 0.65 
WR-DP-1 4-6  64.96 20.29 0.15 0.70 0.36 10.65 97.10 3.43 94.49 2.08 
WR-DP-1 4-12  68.80 19.94 0.10 0.37 0.08 11.50 100.79 1.75 97.83 0.43 
WR-DP-1 4-13  69.67 19.89 0.15 0.16 0.11 11.32 101.29 0.78 98.58 0.64 
WR-DP-1 4-14  67.08 19.49 0.01 0.20 0.06 11.37 98.21 0.97 98.71 0.32 
WR-DP-1 4-16  66.04 17.13 0.92 1.76 0.12 9.67 95.64 9.05 90.24 0.71 
WR-DP-1 4-17  67.62 20.42 0.14 0.39 0.10 10.84 99.51 1.95 97.47 0.57 
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Appendix D: Quantitative EPMA Result of NV Feldspars 
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Sample    (wt.%) SiO2 Al2O3  FeO CaO K2O  Na2O Total An Ab Or 
1210-3 1-1  56.13 26.69 0.32 8.41 6.28 0.43 98.25 41.45 56.00 2.55 
1210-3 1-2  54.90 27.84 0.31 9.27 5.65 0.45 98.42 46.29 51.04 2.67 
1210-3 2-0  57.33 26.49 0.35 7.48 6.61 0.68 98.94 36.95 59.04 4.02 
1210-3 1-3  56.13 27.24 0.44 8.83 6.35 0.54 99.52 42.11 54.85 3.04 
1210-3 1-4  53.63 28.22 0.37 10.09 5.80 0.32 98.43 48.11 50.08 1.81 
1210-3 1-5  60.22 24.83 0.32 5.92 7.40 0.66 99.34 29.46 66.65 3.89 
1210-3 1-6  56.65 27.39 0.39 8.71 6.06 0.46 99.67 43.06 54.23 2.71 
1210-3 1-7  56.04 27.76 0.33 9.26 5.93 0.46 99.78 45.08 52.26 2.66 
1210-3 1-8  52.30 30.16 0.36 12.07 4.37 0.28 99.55 59.38 38.95 1.66 
1210-3 1-9  57.58 26.70 0.44 8.00 6.50 0.54 99.76 39.21 57.64 3.15 
1210-3 1-10  58.09 26.30 0.32 7.35 6.73 0.47 99.25 36.58 60.63 2.79 
1210-3 2-2  54.45 29.97 0.43 11.71 4.81 0.31 101.67 56.35 41.85 1.80 
1210-3 2-3  55.64 27.53 0.33 8.44 5.88 0.52 98.34 42.84 54.04 3.11 
1210-3 2-4  56.61 27.15 0.33 8.91 6.06 0.48 99.54 43.58 53.64 2.78 
1210-3 2-5  53.67 29.65 0.35 11.30 4.68 0.31 99.97 56.10 42.06 1.84 
1210-3 2-6  54.57 27.74 0.46 9.92 5.11 0.38 98.19 50.55 47.13 2.32 
1210-3 2-7  55.41 27.48 0.37 9.18 5.66 0.39 98.49 46.18 51.48 2.34 
1210-3 2-8  55.59 28.04 0.35 9.59 5.60 0.38 99.55 47.53 50.21 2.26 
1210-3 2-10  54.95 28.46 0.37 9.14 5.45 0.44 98.81 46.80 50.51 2.69 
1210-3 2-11  56.78 26.89 0.44 7.45 6.17 0.61 98.34 38.53 57.70 3.77 
1210-3 2-12  58.23 25.46 0.36 6.62 6.95 0.58 98.19 33.29 63.26 3.45 
1210-3 2-13  53.83 29.40 0.41 11.35 4.98 0.30 100.27 54.79 43.48 1.73 
1210-3 2-14  57.02 26.35 0.37 8.35 6.36 0.68 99.13 40.43 55.67 3.90 
1210-3 2-16  58.84 25.79 0.31 6.90 6.82 0.77 99.43 34.26 61.21 4.53 
1210-3 5-1  55.98 26.62 0.50 9.14 5.90 0.43 98.57 44.96 52.53 2.51 
1210-3 5-2  59.74 25.31 0.47 6.07 7.32 0.80 99.72 29.95 65.35 4.70 
1210-3 5-3  56.75 26.83 0.50 8.39 6.29 0.46 99.20 41.29 56.03 2.67 
1210-3 5-4  55.56 27.98 0.36 8.74 5.60 0.46 98.70 45.02 52.17 2.81 
1210-3 5-5  53.28 29.33 0.41 10.53 4.78 0.33 98.67 53.79 44.21 2.00 
1210-3 5-6  63.05 21.61 0.15 0.13 1.59 13.34 99.86 0.68 15.19 84.12 
1210-3 5-7  62.20 20.54 0.22 0.79 4.22 8.96 96.93 4.12 39.97 55.91 
1210-3 5-8  62.61 20.25 0.25 0.72 4.18 8.91 96.92 3.79 40.04 56.17 
1210-3 5-10  63.68 19.53 0.09 0.37 2.94 11.40 98.00 1.90 27.63 70.47 
1210-3 5-11  54.04 29.17 0.42 10.66 5.06 0.29 99.64 52.87 45.43 1.71 
1210-3 5-13  59.20 24.87 0.35 5.68 7.25 0.64 97.99 29.01 67.08 3.91 
1210-3 7-1  56.91 27.21 0.43 8.68 6.30 0.40 99.93 42.24 55.47 2.29 
1210-3 7-2  55.90 27.07 0.28 8.58 6.70 0.31 98.84 40.69 57.56 1.75 
1210-3 7-3  63.79 19.00 0.05 0.01 1.69 13.90 98.45 0.05 15.58 84.38 
1210-3 7-4  63.64 19.37 0.00 0.05 1.86 13.67 98.59 0.23 17.12 82.65 
1210-3 7-5  66.61 21.00 0.01 1.09 10.47 0.28 99.45 5.36 93.02 1.61 
1210-3 7-6  66.62 20.78 0.06 0.81 10.63 0.19 99.09 3.98 94.93 1.09 
1210-3 7-7  58.61 26.25 0.25 6.70 7.04 0.43 99.27 33.59 63.84 2.57 
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Sample    (wt.%) SiO2 Al2O3  FeO CaO K2O  Na2O Total An Ab Or 
1210-3 7-8  56.37 27.96 0.39 8.64 5.94 0.34 99.64 43.66 54.29 2.05 
1210-3 7-9  58.78 26.03 0.27 6.90 6.84 0.50 99.31 34.72 62.30 2.98 
1210-3 7-10  55.62 27.64 0.32 9.65 5.63 0.28 99.13 47.85 50.50 1.65 
1210-3 7-11  58.91 25.49 0.39 6.93 6.93 0.65 99.29 34.20 61.98 3.82 
1210-3 7-12  56.28 27.53 0.43 9.07 6.12 0.47 99.90 43.84 53.48 2.68 
1210-3 7-13  57.99 25.90 0.38 7.31 6.87 0.64 99.09 35.67 60.62 3.72 
1210-3 7-14  57.68 25.92 0.28 7.26 6.65 0.44 98.23 36.62 60.74 2.64 
1210-3 7-15  56.45 27.20 0.28 8.81 5.82 0.34 98.90 44.64 53.34 2.02 
1210-3 7-16  55.92 27.98 0.36 9.19 5.70 0.33 99.48 46.19 51.81 2.00 
1210-3 7-17  60.52 20.03 0.06 0.01 0.54 15.15 96.31 0.05 5.12 94.84 
1210-3 7-18  63.99 19.01 0.02 0.04 0.87 15.17 99.10 0.18 7.99 91.82 
1210-3 7-19  64.59 21.59 0.04 1.23 10.25 0.22 97.91 6.12 92.60 1.28 
1210-3 7-20  62.00 20.37 0.07 0.02 1.60 13.56 97.60 0.13 15.18 84.70 
MR2a 15-1  66.37 19.90 0.27 0.39 0.08 11.06 98.44 1.92 97.64 0.44 
MR2a 15-2  68.36 20.34 0.06 0.21 0.09 11.81 100.99 0.98 98.55 0.48 
MR2b 1-1  67.70 18.97 1.16 0.19 0.06 10.53 98.61 1.00 98.61 0.39 
MR2b 1-2  68.03 19.04 2.80 0.22 0.06 10.72 100.86 1.09 98.54 0.36 
MR2b 1-3  67.17 19.23 0.07 0.45 0.08 10.42 97.42 2.32 97.17 0.52 
MR2b 1-4  67.08 19.24 0.25 0.47 0.08 10.58 97.70 2.39 97.11 0.50 
MR2b 1-8  68.28 19.86 3.16 0.38 0.08 11.43 103.18 1.81 97.76 0.42 
MR2b 2-6  66.75 19.73 0.04 0.31 0.08 10.44 97.35 1.60 97.88 0.52 
MR2b 2-7  66.57 19.46 0.06 0.38 0.11 10.71 97.29 1.91 97.43 0.65 
MR2b 2-8  67.78 19.33 0.22 0.31 0.08 10.93 98.64 1.55 97.96 0.49 
MR2b 2-11  63.60 19.54 1.39 0.41 0.45 9.66 95.05 2.21 94.85 2.93 
MR2b 2-22  66.20 19.95 0.31 0.65 0.24 10.56 97.90 3.22 95.37 1.40 
MR2b 2-23  68.27 19.47 0.08 0.37 0.08 11.20 99.46 1.78 97.79 0.44 
MR2b 2-24  67.60 19.38 0.07 0.42 0.13 10.70 98.29 2.12 97.13 0.75 
MR2b 2-29  66.80 20.33 0.42 0.58 0.42 10.37 98.92 2.90 94.57 2.53 
MR2b 2-30  67.02 19.62 0.60 0.61 0.10 10.82 98.77 2.99 96.44 0.57 
MR2b 2-31  67.00 17.97 0.86 1.10 0.09 10.08 97.10 5.63 93.80 0.58 
MR2b 2-32  65.74 20.39 0.08 0.49 0.48 10.15 97.33 2.54 94.52 2.94 
MR2b 2-33  66.05 19.08 0.03 0.45 0.11 10.31 96.02 2.33 97.02 0.65 
MR2b 3-10  67.69 19.15 0.37 0.51 0.10 10.69 98.51 2.57 96.84 0.58 
MR2b 3-11  66.63 19.90 0.08 0.58 0.12 10.60 97.92 2.93 96.33 0.74 
MR2b 3-13  72.21 16.59 0.07 0.26 0.12 9.60 98.85 1.45 97.74 0.81 
MR2b 3-14  67.65 19.18 0.98 0.22 0.09 10.46 98.58 1.12 98.31 0.57 
MR2b 3-15  64.26 19.28 0.01 2.42 0.10 10.20 96.27 11.53 87.90 0.57 
MR2b 3-16  67.17 19.40 0.05 0.24 0.10 10.93 97.88 1.20 98.20 0.60 
MR2b 3-17  64.21 17.06 7.54 0.17 0.07 9.93 98.98 0.91 98.61 0.48 
MR2b 3-18  70.35 17.99 0.22 0.15 0.07 9.99 98.77 0.82 98.73 0.45 
MR2b 5-3  68.08 19.43 0.42 0.27 0.09 10.86 99.15 1.36 98.10 0.54 
MR2b 5-4  85.00 8.80 1.12 0.10 0.03 5.35 100.40 1.03 98.58 0.39 
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Sample    (wt.%) SiO2 Al2O3  FeO CaO K2O  Na2O Total An Ab Or 
MR2b 5-6  68.35 19.33 0.03 0.25 0.10 10.56 98.61 1.28 98.10 0.62 
MR2b 5-7  66.20 18.99 0.14 0.27 0.10 10.35 96.06 1.43 97.93 0.64 
MR2b 5-8  67.68 19.12 0.38 0.10 0.09 10.60 97.96 0.52 98.93 0.55 
MR2c 2-1  67.14 21.05 0.05 0.41 0.08 10.96 99.69 2.03 97.53 0.44 
MR2c 2-2 66.22 21.02 0.00 0.50 0.09 12.18 100.02 2.22 97.30 0.48 
MR2c 2-3 66.97 20.69 0.11 0.18 0.38 11.06 99.38 0.89 96.92 2.19 
MR2c 2-4 64.66 20.51 0.07 0.15 3.10 9.48 97.97 0.71 81.73 17.56 
MR2c 2-5 67.95 21.19 0.02 0.11 0.13 11.41 100.80 0.55 98.74 0.71 
MR2c 2-6 67.37 20.33 0.02 0.31 0.10 11.28 99.40 1.47 97.95 0.57 
MR2c 2-7 66.10 21.05 0.07 0.30 0.12 10.76 98.39 1.51 97.78 0.71 
MR2c 2-8 67.16 21.57 0.02 0.43 0.09 11.43 100.69 2.02 97.50 0.48 
MR2c 2-9 68.86 21.75 0.09 0.25 0.16 11.51 102.62 1.18 97.96 0.87 
MR2c 2-10 67.28 20.84 0.08 0.13 0.41 10.91 99.64 0.64 96.99 2.37 
MR2c 2-11 62.42 18.30 0.55 0.46 15.62 0.29 97.63 2.35 2.72 94.93 
MR2c 2-12 60.08 15.28 2.06 1.79 12.50 0.24 91.95 10.48 2.56 86.97 
MR2c 2-13 66.84 20.35 0.02 0.12 6.19 6.93 100.45 0.58 62.62 36.79 
MR2c 2-14 64.60 20.44 0.06 0.20 0.13 10.72 96.15 1.03 98.18 0.79 
MR2c 2-15 68.13 21.48 0.01 0.39 0.08 11.31 101.40 1.87 97.70 0.43 
MR2c 11a-1  65.35 22.40 0.50 0.53 0.72 10.56 100.05 2.60 93.20 4.19 
MR2c 11a-2 66.08 21.73 0.58 1.02 0.07 11.00 100.47 4.86 94.72 0.42 
MR2c 11a-3 66.07 22.19 0.36 1.10 0.10 10.50 100.31 5.42 94.01 0.57 
MR2c 11a-4 69.22 22.10 0.21 0.53 0.13 11.47 103.67 2.49 96.77 0.74 
MR2c 11a-5 69.49 21.73 0.11 0.21 0.12 11.14 102.80 1.00 98.28 0.72 
MR2c 11a-6 64.35 20.24 0.09 0.28 0.11 10.20 95.26 1.48 97.85 0.68 
MR2c 11a-7 66.80 21.95 0.05 0.87 0.06 10.90 100.63 4.20 95.45 0.35 
MR2c 11a-8 67.95 21.60 0.01 0.36 0.13 11.11 101.16 1.75 97.48 0.77 
MR2c 11a-9 67.95 20.74 0.23 0.37 0.08 10.92 100.29 1.84 97.67 0.49 
MR2c 11a-10 68.35 21.05 0.07 0.14 0.10 11.31 101.02 0.68 98.77 0.56 
MR2c 11b-1  68.73 20.92 0.56 0.67 0.12 10.78 101.76 3.27 96.04 0.69 
MR2c 11b-2 68.24 20.97 0.07 0.07 0.07 11.37 100.79 0.35 99.24 0.41 
MR2c 11b-3 66.71 20.24 0.65 0.70 0.09 10.91 99.29 3.42 96.05 0.53 
MR2c 11b-4 68.97 21.48 0.14 0.31 0.11 11.07 102.08 1.50 97.86 0.64 
MR2c 11b-5 67.48 20.99 0.02 0.21 0.09 11.31 100.10 1.02 98.47 0.52 
MR2c 11b-6 68.08 21.39 0.00 0.35 0.12 11.30 101.23 1.65 97.70 0.65 
MR2c 11b-7 67.15 21.38 0.11 0.60 0.11 11.18 100.52 2.87 96.53 0.60 
MR2c 11b-8 69.03 21.69 0.00 0.39 0.06 11.10 102.27 1.91 97.74 0.34 
MR2c 11b-9 67.82 20.55 0.01 0.12 0.08 11.56 100.13 0.57 98.95 0.47 
MR2c 11b-10 68.95 21.67 0.11 0.38 0.12 11.30 102.53 1.79 97.51 0.70 
MR2c 12-1  63.27 17.56 0.814 0.918 14.891 0.31 99.118 4.78 2.92 92.30 
MR2c 12-2  62.59 17.52 0.773 0.708 14.927 0.295 97.799 3.72 2.81 93.47 
MR2c 12-3  66.34 19.89 0.032 0.218 0.111 11.388 98.152 1.04 98.33 0.63 
MR2c 12-4  63.07 17.85 0.628 0.473 15.305 0.243 98.614 2.47 2.30 95.23 
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Sample    (wt.%) SiO2 Al2O3  FeO CaO K2O  Na2O Total An Ab Or 
MR2c 12-5  62.75 17.61 0.676 0.585 15.13 0.223 98.267 3.08 2.12 94.80 
MR2c 12-6  62.77 17.58 0.765 0.732 14.953 0.236 98.463 3.86 2.25 93.89 
MR2c 12-7  65.27 19.08 0.104 0.119 16.102 0.456 101.55 0.59 4.10 95.31 
MR2c 12-8  63.11 18.58 0.333 0.291 15.776 0.315 99.201 1.48 2.90 95.62 
MR2c 12-9  66.94 20.38 0 0.226 0.243 10.885 98.772 1.12 97.45 1.43 
MR2c 12-10  63.57 18.70 0.102 0.069 16.266 0.257 99.123 0.35 2.34 97.32 
MR2c 12-11  66.50 20.79 0.044 0.299 0.094 11.206 98.987 1.45 98.01 0.54 
MR2c 12-12  66.79 20.67 0.021 0.317 0.13 11.013 98.996 1.55 97.69 0.76 
MR2c 12b-1  62.79 19.05 0.11 0.07 13.00 2.08 97.09 0.36 19.48 80.17 
MR2c 12b-2 67.19 21.14 0.01 0.16 0.56 11.08 100.13 0.75 96.04 3.21 
MR2c 12b-3 68.06 20.93 0.05 0.17 0.05 11.31 100.56 0.84 98.89 0.27 
MR2c 12b-5 67.53 20.66 0.03 0.24 0.06 11.27 99.78 1.14 98.49 0.36 
MR2c 12b-6 66.36 20.64 0.14 0.39 0.09 11.30 98.92 1.87 97.61 0.52 
MR2c 12b-7 65.48 19.11 1.47 1.97 0.11 9.87 98.00 9.86 89.49 0.64 
MR2c 12b-8 65.56 21.97 0.37 0.16 0.85 10.15 99.05 0.80 94.04 5.16 
MR2c 12b-9 67.82 21.29 0.00 0.31 0.06 11.30 100.79 1.50 98.17 0.34 
MR2c 12b-11 67.76 20.63 0.01 0.06 0.05 11.03 99.53 0.30 99.40 0.30 
MR2c 12b-12 68.11 21.35 0.00 0.20 0.06 11.45 101.17 0.93 98.73 0.34 
MR2c 12b-13 68.60 20.83 0.04 0.09 0.05 11.66 101.27 0.43 99.29 0.29 
MR2c 12b-14 67.77 21.26 0.05 0.08 0.08 11.28 100.52 0.40 99.13 0.47 
MR2c 12b-15 62.75 18.91 0.01 0.03 11.59 2.56 95.86 0.18 25.08 74.74 
MR2c 14-1  66.57 20.63 0.016 0.42 0.133 11.243 99.113 2.01 97.24 0.76 
MR2c 14-2  66.76 20.82 0.086 0.354 0.068 11.067 99.356 1.73 97.87 0.40 
MR2c 14-3  62.05 19.29 0.065 0.053 15.45 0.248 98.319 0.28 2.37 97.34 
MR2c 14-4  63.25 19.31 0 0.013 15.411 0.353 99.828 0.07 3.36 96.57 
MR2c 14-5  61.91 20.24 0.019 0.411 13.976 0.884 99.214 2.20 8.58 89.22 
MR2c 14-6  63.14 18.64 0.063 0.026 15.737 0.323 98.535 0.13 3.02 96.84 
MR2c 15-1  63.49 18.29 0.698 0.497 15.22 0.342 99.737 2.58 3.22 94.20 
MR2c 15-2  63.14 17.97 0.626 0.541 15.301 0.325 99.302 2.80 3.04 94.16 
MR2c 15-3  63.61 18.69 0.257 0.211 15.692 0.438 99.54 1.07 4.03 94.90 
MR2c 15-4  63.01 18.32 0.456 0.353 15.571 0.316 98.918 1.81 2.94 95.25 
MR2c 15-5  66.10 20.64 0 0.332 0.109 11.115 98.644 1.61 97.76 0.63 
MR2c 15-6  65.96 20.56 0.027 0.192 0.299 10.82 98.07 0.95 97.28 1.77 
MR2c 15-7  63.03 18.16 0.334 0.327 15.607 0.344 98.711 1.67 3.19 95.14 
MR2c 15-8  62.94 18.41 0.384 0.349 15.561 0.278 98.938 1.80 2.60 95.60 
BCHA3 4-5  68.14 20.94 0.13 0.93 0.11 10.77 101.02 4.52 94.88 0.61 
BCHA3 4-6 67.57 20.89 0.08 0.84 0.10 10.74 100.22 4.12 95.30 0.57 
BCHA3 4-7 68.34 20.70 0.11 0.86 0.06 10.62 100.69 4.25 95.41 0.34 
BCHA3 4-8 68.01 20.41 0.11 0.36 0.06 10.56 99.51 1.84 97.79 0.37 
BCHA3 5-1  68.07 20.65 0.12 0.93 0.11 10.72 100.59 4.53 94.85 0.62 
BCHA3 5-2  68.38 20.75 0.04 0.79 0.07 10.50 100.52 3.97 95.63 0.40 
BCHA3 5-3  67.72 20.74 0.11 0.79 0.08 10.89 100.33 3.82 95.74 0.43 
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Sample    (wt.%) SiO2 Al2O3  FeO CaO K2O  Na2O Total An Ab Or 
BCHA3 5-6  65.89 19.92 0.02 0.72 0.10 10.61 97.26 3.59 95.82 0.59 
BCHA3 5-7 66.76 20.10 0.00 0.58 0.11 10.51 98.05 2.94 96.43 0.63 
BCHA3 5-8 69.00 20.62 0.01 0.51 0.07 11.10 101.31 2.47 97.12 0.41 
BCHA3 5-9 67.68 19.57 0.06 0.44 0.12 10.51 98.38 2.26 97.02 0.72 
BCHA3 6-7  67.42 20.98 0.00 1.34 0.15 10.35 100.24 6.61 92.52 0.87 
BCHA3 6-8 63.95 21.29 0.03 1.56 0.12 10.56 97.51 7.51 91.83 0.66 
BCHA3 6-9 67.58 21.25 0.09 1.41 0.13 9.90 100.36 7.25 91.96 0.79 
BCHA3 8-6  67.72 21.13 0.04 1.09 0.10 10.43 100.52 5.43 94.00 0.57 
BCHA3 8-8  64.86 19.82 0.04 1.14 13.86 1.01 100.73 5.87 9.40 84.73 
BCHA3 8-9  59.97 25.96 0.22 7.29 0.36 6.98 100.78 35.84 62.07 2.09 
BCHA3 8-17  67.15 21.12 0.07 1.04 0.11 10.26 99.76 5.28 94.07 0.65 
BCHA3 8-18 65.18 18.56 0.02 0.00 15.90 0.33 99.97 0.00 3.03 96.97 
BCHA3 8-19 66.61 21.02 0.06 0.92 0.14 10.43 99.17 4.59 94.58 0.84 
BCHA3 8-21  64.55 18.77 0.08 0.12 14.82 0.70 99.03 0.60 6.63 92.77 
BCHA3 11-5  62.18 23.09 0.22 4.23 4.88 5.95 100.55 20.32 51.73 27.95 
BCHA3 11-6 60.45 25.59 0.30 6.89 0.48 7.06 100.77 34.05 63.15 2.80 
BCHA3 11-7 57.94 26.53 0.66 8.07 0.51 5.95 99.67 41.50 55.39 3.11 
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Sample WR-1A Locale Wilson Ridge AZ 
Coordinates GPS Zone 11S Level of Alteration General Description 
 Easting 707259   unaltered Some fibrous vein and 
outgrowing fibers show 
blue color in plane 
polarized light 
(magnesioriebeckite). 
10 % of altered 
plagioclase show 
Chessboard twinning 
(albite). Only few grains 
of epidote. 
 Northing 3983830   weakly altered 
  moderately altered 
 heavily altered 
Major Primary 
Minerals 
% 
present 
Secondary (hydrothermal) 
Minerals 
 Plagioclase 75   Actinolite 
  K-feldspar    Winchite/Mg-Rieb 
 Quartz 5  Albite 
 Hornblende 15  Epidote 
  Clinopyroxene    Quartz 
 Biotite 1   Chlorite 
  Hematite 
Primary Accessory Minerals   Calcite 
 Opaque oxides  Sericite 
  Titanite   Other 
  Apatite   
  Zircon 
Secondary  Reaction Textures 
Quartz Feldspar Amphibole 
  
altered magmatic w/ 
AA  turbid   
fibrous overgrowth 
on primary 
magmatic  
  vein w/AA   
veinlet of clear feldspar 
w/ AA   
partial to complete 
replacement of 
magmatic 
   
clear overgrowth on 
turbid feldspar w/AA  
fibrous intergrowth 
with other minerals 
Calcite  fracture fill AA 
  vein coarse Epidote   
  vein fine   after plagioclase   
  disseminated   vein   
    vein w/ AA   
          disseminated         
AA=Amphibole Asbestos 
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Sample HT794-4 Locale Horsethief Canyon AZ 
Coordinates GPS Zone 11S Level of Alteration General Description 
 Easting  713450  unaltered The amount of 
fracturing is not 
uniform.  Minor 
amount of unaltered 
magmatic hornblende 
is present. Turbid 
quartz is only observed 
within less altered 
area. 
 Northing  3986443   weakly altered 
  moderately altered 
 heavily altered 
Major Primary Minerals 
% 
present 
Secondary (hydrothermal) 
Minerals 
 Plagioclase 50  Actinolite 
  K-feldspar    Winchite/Mg-Rieb 
 Quartz 10  Albite 
 Hornblende 40   Epidote 
  Clinopyroxene    Quartz 
  Biotite     Chlorite 
 Hematite 
Primary Accessory Minerals   Calcite 
 Opaque oxides  Sericite 
  Titanite   Other 
  Apatite 
  Zircon 
Secondary  Reaction Textures 
Quartz Plagioclase Amphibole 
 altered magmatic w/ AA  turbid (albite 1)  
fibrous 
overgrowth on 
primary 
magmatic  
  vein w/AA  
veinlet of clear feldspar 
w/ AA   
partial to 
complete 
replacement of 
magmatic 
   
clear overgrowth on 
turbid feldspar w/AA  
fibrous 
intergrowth with 
other minerals 
Calcite  fracture fill AA 
  vein coarse Epidote   
  vein fine   after plagioclase   
  disseminated   vein   
    vein w/ AA   
          disseminated         
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Sample KW3-18/5b Locale Kingman Wash AZ 
Coordinates GPS Zone 11S Level of Alteration General Description 
 Easting  710626   unaltered The amount of fracturing 
is not uniform. Some 
altered plagioclase show 
Chessboard twinning 
(albite). Auhedral 
serrated quartz grains. 
Some quartz and 
plagioclase intergrown 
with each other? Biotite 
is only observed within 
less altered area. 
Sometimes intergrown 
with fibrous amphibole. 
 Northing  3990401   weakly altered 
  moderately altered 
 heavily altered 
Major Primary 
Minerals 
% 
presen
t 
Secondary (hydrothermal) 
Minerals 
 Plagioclase 55  Actinolite 
  K-feldspar    Winchite/Mg-Rieb 
 Quartz 25  Albite 
 
Hornblend
e 10  Epidote 
  
Clinopyroxen
e    Quartz 
 Biotite 5   Chlorite 
  Hematite 
Primary Accessory Minerals   Calcite 
 Opaque oxides  Sericite 
 Titanite   Other 
  Apatite 
  Zircon 
Secondary  Reaction Textures 
Quartz Feldspar Amphibole 
 
altered magmatic w/ 
AA  turbid  
fibrous overgrowth 
on primary 
magmatic  
 vein w/AA  
veinlet of clear feldspar 
w/ AA  
partial to complete 
replacement of 
magmatic 
   
clear overgrowth on 
turbid feldspar w/AA  
fibrous 
intergrowth with 
other minerals 
Calcite  fracture fill AA 
  vein coarse Epidote   
  vein fine   after plagioclase   
  disseminated   vein   
    vein w/ AA   
         disseminated         
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Sample WR-DP-1 Locale Wilson Ridge AZ 
Coordinates GPS Zone 11S Level of Alteration General Description 
 Easting  712830   unaltered High abundance of 
blue/green amphibole 
veins with dark bands. 
Majority of albite is turbid 
with some clear veins.  
 Northing  3986126   weakly altered 
  moderately altered 
 heavily altered 
Major Primary 
Minerals 
% 
present 
Secondary (hydrothermal) 
Minerals 
 Plagioclase 95   Actinolite 
  K-feldspar    Winchite/Mg-Rieb 
  Quartz    Albite 
 Hornblende 3   Epidote 
  Clinopyroxene    Quartz 
  Biotite     Chlorite 
  Hematite 
Primary Accessory Minerals   Calcite 
 Opaque oxides   Sericite 
 Titanite   Other 
  Apatite 
  Zircon 
Secondary  Reaction Textures 
Quartz Feldspar Amphibole 
  
altered magmatic w/ 
AA  turbid  
fibrous overgrowth 
on primary 
magmatic  
  vein w/AA  
veinlet of clear feldspar 
w/ AA  
partial to complete 
replacement of 
magmatic 
   
clear overgrowth on 
turbid feldspar w/AA  
fibrous intergrowth 
with other minerals 
Calcite  fracture fill AA 
  vein coarse Epidote   
  vein fine   after plagioclase   
  disseminated   vein   
    vein w/ AA   
          disseminated         
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Sample KW1-15/3 Locale Kingman Wash AZ 
Coordinates GPS Zone 11S Level of Alteration General Description 
 Easting  709442   unaltered High abundance of 
blue/green amphibole 
veins with dark bands. 
Majority of plagioclase is 
turbid with some clear 
veins. Few of them show 
Chessboard twinning 
(albite). Minor amount of 
cpx, biot, epid, and 
sericite.  
 Northing  3989658   weakly altered 
  moderately altered 
 heavily altered 
Major Primary 
Minerals 
% 
present 
Secondary (hydrothermal) 
Minerals 
 Plagioclase 90   Actinolite 
  K-feldspar    Winchite/Mg-Rieb 
 Quartz 5  Albite 
 Hornblende 3  Epidote 
 Clinopyroxene 1  Quartz 
 Biotite <1   Chlorite 
  Hematite 
Primary Accessory Minerals   Calcite 
 Opaque oxides  Sericite 
 Titanite   Other 
  Apatite 
  Zircon 
Secondary  Reaction Textures 
Quartz Feldspar Amphibole 
  
altered magmatic w/ 
AA  turbid  
fibrous 
overgrowth on 
primary magmatic  
  vein w/AA  
veinlet of clear 
feldspar w/ AA  
partial to 
complete 
replacement of 
magmatic 
    
clear overgrowth on 
turbid feldspar w/AA  
fibrous 
intergrowth with 
other minerals 
Calcite  fracture fill AA 
  vein coarse Epidote   
  vein fine   after plagioclase   
  disseminated   vein   
    vein w/ AA   
          disseminated         
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Sample KW4-27/5A Locale Kingman Wash AZ 
Coordinates GPS Zone 11S Level of Alteration General Description 
 Easting  711940   unaltered Medium grained 
plagioclase-rich 
hornblende and biotite 
bearing granitoid. 
Abundant in visibly blue 
fibrous vein that is thought 
to be magnesioriebeckite. 
Minor amount of epidote. 
 Northing  3990716   weakly altered 
  
moderately 
altered 
 heavily altered 
Major Primary Minerals 
% 
present 
Secondary (hydrothermal) 
Minerals 
 Plagioclase 50   Actinolite 
  K-feldspar    Winchite/Mg-Rieb 
 Quartz 35   Albite 
 Hornblende 12  Epidote 
  Clinopyroxene     Quartz 
 Biotite 3   Chlorite 
  Hematite 
Primary Accessory Minerals   Calcite 
 Opaque oxides  Sericite 
  Titanite   Other 
  Apatite 
  Zircon 
Secondary  Reaction Textures 
Quartz Feldspar Amphibole 
 
altered magmatic w/ 
AA  turbid  
fibrous overgrowth 
on primary 
magmatic  
  vein w/AA   
veinlet of clear 
feldspar w/ AA  
partial to complete 
replacement of 
magmatic 
   
clear overgrowth 
on turbid feldspar 
w/AA  
fibrous intergrowth 
with other minerals 
Calcite  fracture fill AA 
  vein coarse Epidote   
  vein fine   after plagioclase   
  disseminated   vein   
    vein w/ AA   
         disseminated         
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Sample KW1 12/3 Locale Kingman Wash AZ 
Coordinates GPS Zone 11S Level of Alteration General Description 
 Easting  709487   unaltered Medium grained Quartz-
plagioclase-hornblende 
granitoid. High abundance 
of blue/green amphibole 
veins with dark bands. 
Auhedral serrated quartz 
grains.  
 Northing  3989695   weakly altered 
  
moderately 
altered 
 heavily altered 
Major Primary Minerals 
% 
present 
Secondary (hydrothermal) 
Minerals 
 Plagioclase 60   Actinolite 
  K-feldspar    Winchite/Mg-Rieb 
 Quartz 15  Albite 
 Hornblende 25   Epidote 
  Clinopyroxene    Quartz 
  Biotite     Chlorite 
  Hematite 
Primary Accessory Minerals   Calcite 
 Opaque oxides  Sericite 
 Titanite   Other 
  Apatite 
  Zircon 
Secondary  Reaction Textures 
Quartz Feldspar Amphibole 
 
altered magmatic w/ 
AA  turbid  
fibrous overgrowth 
on primary 
magmatic  
  vein w/AA  
veinlet of clear 
feldspar w/ AA  
partial to complete 
replacement of 
magmatic 
   
clear overgrowth 
on turbid feldspar 
w/AA   
fibrous intergrowth 
with other minerals 
Calcite  fracture fill AA 
  vein coarse Epidote   
  vein fine   after plagioclase   
  disseminated   Vein   
    vein w/ AA   
          Disseminated         
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Sample KW5-396/1 Locale Kingman Wash AZ 
Coordinates GPS Zone 11S Level of Alteration General Description 
 Easting  710372   Unaltered Fine grained, plagioclase-
rich biotite bearing 
granitoid. Auhedral 
serrated quartz grains. 
 Northing  3990415   weakly altered 
  moderately altered 
 heavily altered 
Major Primary Minerals 
% 
present 
Secondary (hydrothermal) 
Minerals 
 Plagioclase 60   Actinolite 
  K-feldspar    Winchite/Mg-Rieb 
 Quartz 10  Albite 
 Hornblende 27  Epidote 
  Clinopyroxene    Quartz 
 Biotite 3   Chlorite 
  Hematite 
Primary Accessory Minerals   Calcite 
 Opaque oxides  Sericite 
 Titanite   Other 
  Apatite 
  Zircon 
Secondary  Reaction Textures 
Quartz Feldspar Amphibole 
  
altered magmatic w/ 
AA  turbid  
fibrous 
overgrowth on 
primary magmatic  
  vein w/AA  
veinlet of clear 
feldspar w/ AA  
partial to complete 
replacement of 
magmatic 
   
clear overgrowth on 
turbid feldspar w/AA  
fibrous 
intergrowth with 
other minerals 
Calcite  fracture fill AA 
  vein coarse Epidote   
  vein fine   after plagioclase   
  disseminated   vein   
    vein w/ AA   
          disseminated         
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Sample KW10-18/3 Locale  Kingman Wash AZ 
Coordinates GPS Zone 11S Level of Alteration General Description 
 Easting  710372   unaltered Plagioclase-rich biotite 
bearing porphyritic 
granitoid. Chessboard 
twinning (albite). 
All quartz are auhedral 
serrated grains.  
 Northing  3990415   weakly altered 
  moderately altered 
 heavily altered 
Major Primary Minerals 
% 
present 
Secondary (hydrothermal) 
Minerals 
 Plagioclase 45   Actinolite 
  K-feldspar    Winchite/Mg-Rieb 
 Quartz 25  Albite 
 Hornblende 25  Epidote 
  Clinopyroxene    Quartz 
 Biotite 5   Chlorite 
  Hematite 
Primary Accessory Minerals   Calcite 
 Opaque oxides  Sericite 
  Titanite   Other 
  Apatite 
  Zircon 
Secondary  Reaction Textures 
Quartz Feldspar Amphibole 
  
altered magmatic w/ 
AA  turbid  
fibrous 
overgrowth on 
primary 
magmatic  
  vein w/AA   
veinlet of clear 
feldspar w/ AA  
partial to 
complete 
replacement of 
magmatic 
   
clear overgrowth on 
turbid feldspar w/AA  
fibrous 
intergrowth with 
other minerals 
Calcite   fracture fill AA 
  vein coarse Epidote   
  vein fine   after plagioclase   
  disseminated   vein   
    vein w/ AA   
         disseminated         
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Sample MR2a Locale McCullough Range NV 
Coordinates GPS Zone 11S Level of Alteration General Description 
 Easting  682216   unaltered Fine Medium grained 
hornblende plagioclase-
rich granitoid. Some 
epidote show zoning. 
 Northing  3981145   weakly altered 
  moderately altered 
 heavily altered 
Major Primary 
Minerals 
% 
present 
Secondary (hydrothermal) 
Minerals 
 Plagioclase 50  Actinolite 
  K-feldspar     Winchite/Mg-Rieb 
 Quartz 15   Albite 
 Hornblende 30  Epidote 
 Clinopyroxene <1  Quartz 
 Biotite 5  Chlorite 
  Hematite 
Primary Accessory Minerals   Calcite 
 Opaque oxides  Sericite 
  Titanite   Other 
  Apatite 
  Zircon 
Secondary  Reaction Textures 
Quartz Feldspar Amphibole 
 
altered magmatic w/ 
AA   turbid  
fibrous 
overgrowth on 
primary magmatic  
  vein w/AA   
veinlet of clear feldspar 
w/ AA  
partial to 
complete 
replacement of 
magmatic 
    
clear overgrowth on 
turbid feldspar w/AA  
fibrous 
intergrowth with 
other minerals 
Calcite  fracture fill AA 
  vein coarse Epidote   
  vein fine  after plagioclase   
  disseminated   vein   
    vein w/ AA   
         disseminated         
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Sample MR2b Locale McCullough Range NV 
Coordinates GPS Zone 11S Level of Alteration General Description 
 Easting  682216   unaltered Fine Medium grained 
hornblende plagioclase-
rich granitoid. Porphyry 
texture. 
 Northing  3981145   weakly altered 
 moderately altered 
  heavily altered 
Major Primary 
Minerals 
% 
present 
Secondary (hydrothermal) 
Minerals 
 Plagioclase 40  Actinolite 
  K-feldspar     Winchite/Mg-Rieb 
 Quartz 45   Albite 
 Hornblende 15   Epidote 
  Clinopyroxene    Quartz 
 Biotite <1  Chlorite 
  Hematite 
Primary Accessory Minerals  Calcite 
 Opaque oxides   Sericite 
  Titanite   Other 
  Apatite 
  Zircon 
Secondary  Reaction Textures 
Quartz Feldspar Amphibole 
  
altered magmatic w/ 
AA   turbid   
fibrous overgrowth 
on primary 
magmatic  
 vein w/AA   
veinlet of clear feldspar 
w/ AA   
partial to complete 
replacement of 
magmatic 
    
clear overgrowth on 
turbid feldspar w/AA  
fibrous intergrowth 
with other minerals 
Calcite  fracture fill AA 
 vein coarse Epidote   
  vein fine   after plagioclase   
  disseminated   vein   
    vein w/ AA   
          disseminated         
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Sample MR2c Locale McCullough Range NV 
Coordinates GPS Zone 11S Level of Alteration General Description 
 Easting  682216   unaltered Fine to medium grained, 
hornblende plagioclase-
rich granitoid. Abundant 
in calcite vein. Oxides are 
concentrated within or 
close to secondary 
actinolite. 
 Northing  3981145   weakly altered 
  moderately altered 
 heavily altered 
Major Primary 
Minerals 
% 
present 
Secondary (hydrothermal) 
Minerals 
 Plagioclase 62  Actinolite 
  K-feldspar     Winchite/Mg-Rieb 
 Quartz 8   Albite 
 Hornblende 25   Epidote 
  Clinopyroxene    Quartz 
 Biotite 5   Chlorite 
  Hematite 
Primary Accessory Minerals  Calcite 
 Opaque oxides  Sericite 
  Titanite   Other 
  Apatite 
  Zircon 
Secondary  Reaction Textures 
Quartz Feldspar Amphibole 
  
altered magmatic w/ 
AA  turbid   
fibrous 
overgrowth on 
primary magmatic  
  vein w/AA  
veinlet of clear feldspar 
w/ AA  
partial to 
complete 
replacement of 
magmatic 
    
clear overgrowth on 
turbid feldspar w/AA  
fibrous 
intergrowth with 
other minerals 
Calcite  fracture fill AA 
 vein coarse Epidote   
 vein fine   after plagioclase   
  disseminated   vein   
    vein w/ AA   
          disseminated         
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Sample MR415-1 Locale McCullough Range NV 
Coordinates GPS Zone 11S Level of Alteration General Description 
 Easting  682222   unaltered Medium grained, biotite 
bearing hornblende 
granitoid. Hematite is 
concentrated within 
amphibole. Unaltered 
biotite is present. 
 Northing  3982628   weakly altered 
  moderately altered 
 heavily altered 
Major Primary 
Minerals 
% 
present 
Secondary (hydrothermal) 
Minerals 
 Plagioclase 50  Actinolite 
  K-feldspar     Winchite/Mg-Rieb 
 Quartz 5   Albite 
 Hornblende 30   Epidote 
  Clinopyroxene    Quartz 
 Biotite 5   Chlorite 
  Hematite 
Primary Accessory Minerals  Calcite 
 Opaque oxides  Sericite 
  Titanite   Other 
  Apatite 
  Zircon 
Secondary  Reaction Textures 
Quartz Feldspar Amphibole 
 
altered magmatic w/ 
AA  turbid  
fibrous 
overgrowth on 
primary magmatic  
  vein w/AA   
veinlet of clear feldspar 
w/ AA  
partial to 
complete 
replacment of 
magmatic 
    
clear overgrowth on 
turbid feldspar w/AA   
fibrous 
intergrowth with 
other minerals 
Calcite  fracture fill AA 
 vein coarse Epidote   
 vein fine   after plagioclase   
 disseminated   vein   
    vein w/ AA   
          disseminated         
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Sample BCHA-1 Locale 
Boulder City  
Association NV 
Coordinates GPS Zone 11S Level of Alteration General Description 
 Easting  696326   unaltered Opaque oxides occupy 
10% of the slide. Quartz 
vein with elongated 
euhedral epidote 
crystals (0.01 mm in 
length, some show 
zoning) on the rim. 
 Northing  3982163   weakly altered 
  moderately altered 
 heavily altered 
Major Primary Minerals 
% 
present 
Secondary (hydrothermal) 
Minerals 
 Plagioclase 60  Actinolite 
  K-feldspar     Winchite/Mg-Rieb 
 Quartz 15   Albite 
 Hornblende 13  Epidote 
  Clinopyroxene    Quartz 
 Biotite 2  Chlorite 
  Hematite 
Primary Accessory Minerals  Calcite 
 Opaque oxides   Sericite 
  Titanite   Other 
  Apatite 
  Zircon 
Secondary  Reaction Textures 
Quartz Feldspar Amphibole 
  
altered magmatic w/ 
AA   turbid   
fibrous 
overgrowth on 
primary 
magmatic  
  vein w/AA   
veinlet of clear 
feldspar w/ AA  
partial to 
complete 
replacment of 
magmatic 
    
clear overgrowth on 
turbid feldspar w/AA  
fibrous 
intergrowth with 
other minerals 
Calcite  fracture fill AA 
 vein coarse Epidote   
  vein fine  after plagioclase   
 disseminated  vein   
    vein w/ AA   
         disseminated         
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Sample BCHA-3 Locale 
Boulder City Horseman's 
Association NV 
Coordinates GPS Zone 11S Level of Alteration General Description 
 Easting  696326   unaltered Euhedral elongated 
epidote crystals with 
zoning (0.2-0.8m in 
length) perpendicular to 
vein direction. Opaque 
oxides occupy 10% of 
the slide, and especially 
concentrated within 
amphibole. Unaltered 
magmatic hornblende, 
biotite and pyroxene are 
still present. 
 Northing  3982163   weakly altered 
 moderately altered 
  heavily altered 
Major Primary 
Minerals 
% 
present 
Secondary (hydrothermal) 
Minerals 
 Plagioclase 50  Actinolite 
 K-feldspar <1   Winchite/Mg-Rieb 
  Quartz     Albite 
 Hornblende 30  Epidote 
 Clinopyroxene 1  Quartz 
 Biotite 9   Chlorite 
  Hematite 
Primary Accessory Minerals   Calcite 
 Opaque oxides   Sericite 
  Titanite   Other 
  Apatite 
  Zircon 
Secondary  Reaction Textures 
Quartz Feldspar Amphibole 
  
altered magmatic w/ 
AA   turbid  
fibrous 
overgrowth on 
primary 
magmatic  
 vein w/AA   
veinlet of clear feldspar 
w/ AA  
partial to 
complete 
replacement of 
magmatic 
    
clear overgrowth on 
turbid feldspar w/AA  
fibrous 
intergrowth with 
other minerals 
Calcite  fracture fill AA 
  vein coarse Epidote   
  vein fine  after plagioclase   
  disseminated   vein   
    vein w/ AA   
         disseminated         
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Sample 1210-3 Locale  Boulder City Pluton NV 
Coordinates GPS Zone 11S Level of Alteration General Description 
 Easting  695187   unaltered Many plagioclase grains 
preserve zoning and 
magmatic albite twinning. 
 Northing  3954083  weakly altered 
  moderately altered 
  heavily altered 
Major Primary 
Minerals 
% 
present 
Secondary (hydrothermal) 
Minerals 
 Plagioclase 35  Actinolite 
  K-feldspar     Winchite/Mg-Rieb 
 Quartz 20   Albite 
 Hornblende 20   Epidote 
  Clinopyroxene     Quartz 
 Biotite 20   Chlorite 
  Hematite 
Primary Accessory Minerals   Calcite 
 Opaque oxides  Sericite 
 Titanite   Other 
  Apatite 
  Zircon 
Secondary  Reaction Textures 
Quartz Feldspar Amphibole 
  
altered magmatic w/ 
AA  turbid  
fibrous overgrowth 
on primary 
magmatic  
  vein w/AA   
veinlet of clear feldspar 
w/ AA  
partial to complete 
replacement of 
magmatic 
    
clear overgrowth on 
turbid feldspar w/AA   
fibrous intergrowth 
with other minerals 
Calcite   fracture fill AA 
  vein coarse Epidote   
  vein fine   after plagioclase   
  disseminated   vein   
    vein w/ AA   
          disseminated         
 
 
165 
 
 
 
 
 
 
 
 
 
 
 
 
Appendix F: Fluid Inclusion Result 
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  Sample FIA# Level FI# Volume% 
Melting 
T (°C) 
Ice/HH 
Melting 
T (°C) 
Sylvite 
Melting 
T (°C) 
Halite 
Salinity 
(wt%) 
Homog. 
T (°C) Note 
1 KW4-27-5A a 4 4 <5 240.0 
2 KW4-27-5A a 1 1 5 250.0 
3 KW4-27-5A a 2 1 5 230.0 
4 KW4-27-5A b 3 1 5 -19.9 22.3 240.0 A 
5 KW4-27-5A b 4 3 5 420.0 
6 KW4-27-5A c 4 2 5 -20.4 22.6 240.0 A 
7 KW4-27-5A d 3 1 5 -20.9 23.0 330.0 A 
8 KW4-27-5A e 2 5 5 275.0 
9 KW4-27-5A f 1 2 8 -18.9 21.6 350.0 
10 KW4-27-5A g 1 3 10 360.0 
11 KW4-27-5A h 1 1 10 -20.8 22.9 290.0 
12 KW4-27-5A h 1 5 10 320.0 
13 KW4-27-5A h 1 6 10 250.0 
14 KW4-27-5A h 3 2 10 460.0 
15 KW4-27-5A h 4 1 10 370.0 
16 KW4-27-5A h 4 4 10 240.0 
17 KW4-27-5A h 5 5 10 340.0 
18 KW4-27-5A h 5 6 10 300.0 
19 KW4-27-5A a 7 3 10 230.0 
20 KW4-27-5A i 1 1 10 -20.9 23.0 280.0 A 
21 KW4-27-5A b 1 4 10 360.0 
22 KW4-27-5A b 2 2 10 500.0 
23 KW4-27-5A b 4 2 10 400.0 
24 KW4-27-5A c 1 1 10 >600 AB 
25 KW4-27-5A c 2 1 10 370.0 
26 KW4-27-5A c 3 2 10 300.0 
27 KW4-27-5A d 1 1 10 290.0 
28 KW4-27-5A d 1 2 10 330.0 
29 KW4-27-5A d 4 2 10 340.0 
30 KW4-27-5A f 1 1 10 380.0 
31 KW4-27-5A f 2 2 10 300.0 
32 KW4-27-5A j 1 1 10 310.0 
33 KW4-27-5A j 4 1 10 N/A 300.0 A 
34 KW4-27-5A j 5 1 10 -20.6 22.8 300.0 A 
35 KW4-27-5A j 5 2 10 -21.2 23.2 380.0 A 
36 KW4-27-5A k 2 3 10 400.0 
37 KW4-27-5A k 3 2 10 330.0 
38 KW4-27-5A k 2 4 10 340.0 
39 KW4-27-5A k 5 2 10 340.0 
40 KW4-27-5A e 1 1 10 N/A 330.0 A 
41 KW4-27-5A e 1 2 10 N/A 310.0 A 
42 KW4-27-5A e 1 3 10 310.0 
43 KW4-27-5A e 1 4 10 330.0 
44 KW4-27-5A e 1 5 10 320.0 
45 KW4-27-5A e 4 1 10 -1.8 3.1 330.0 A 
46 KW4-27-5A h 2 2 15 300.0 
47 KW4-27-5A h 3 1 15 360.0 
48 KW4-27-5A a 3 1 15 Not consistent 430.0 A 
49 KW4-27-5A a 8 1 15 410.0 
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  Sample FIA# Level FI# Volume% 
Melting 
T (°C) 
Ice/HH 
Melting 
T (°C) 
Sylvite 
Melting 
T (°C) 
Halite 
Salinity 
(wt%) 
Homog. 
T (°C) Note 
50 KW4-27-5A b 1 1 15 -21.5 23.4 410.0 A 
51 KW4-27-5A b 5 2 15 330.0 
52 KW4-27-5A c 1 2 15 230.0 
53 KW4-27-5A c 1 4 15 320.0 
54 KW4-27-5A c 2 2 15 -21.6 23.4 380.0 A 
55 KW4-27-5A c 3 1 15 Not consistent >600 AB 
56 KW4-27-5A d 5 1 15 360.0 
57 KW4-27-5A f 2 1 15 300.0 
58 KW4-27-5A j 4 3 15 N/A 380.0 A 
59 KW4-27-5A j 1 2 15 330.0 
60 KW4-27-5A j 3 2 15 -20.7 22.8 330.0 A 
61 KW4-27-5A j 2 3 15 0.0 0.0 350.0 A 
62 KW4-27-5A j 2 2 15 380.0 
63 KW4-27-5A k 1 1 15 N/A N/A A 
64 KW4-27-5A k 3 3 15 N/A 340.0 AC 
65 KW4-27-5A g 1 1 20 -20.7 22.8 340.0 
66 KW4-27-5A g 1 5 20 330.0 
67 KW4-27-5A g 2 1 20 420.0 
68 KW4-27-5A g 2 2 20 440.0 
69 KW4-27-5A g 2 3 20 460.0 
70 KW4-27-5A g 2 4 20 460.0 
71 KW4-27-5A g 2 5 20 460.0 
72 KW4-27-5A g 2 6 20 370.0 
73 KW4-27-5A h 1 3 20 340.0 
74 KW4-27-5A h 1 4 20 360.0 
75 KW4-27-5A h 1 8 20 360.0 
76 KW4-27-5A h 2 1 20 -21.9 23.6 N/A A 
77 KW4-27-5A h 4 3 20 350.0 
78 KW4-27-5A h 5 1 20 430.0 
79 KW4-27-5A a 1 3 20 430.0 
80 KW4-27-5A a 2 2 20 240.0 
81 KW4-27-5A a 3 2 20 440.0 
82 KW4-27-5A a 5 1 20 420.0 
83 KW4-27-5A a 5 2 20 420.0 
84 KW4-27-5A a 7 4 20 370.0 
85 KW4-27-5A b 1 2 20 460.0 
86 KW4-27-5A b 1 3 20 240.0 
87 KW4-27-5A b 2 1 20 -21.9 23.6 430.0 A 
88 KW4-27-5A c 1 5 20 340.0 
89 KW4-27-5A c 4 3 20 -21.8 23.6 390.0 A 
90 KW4-27-5A d 2 3 20 -20.7 22.8 330.0 A 
91 KW4-27-5A d 3 2 20 340.0 
92 KW4-27-5A j 2 1 20 330.0 
93 KW4-27-5A j 4 2 20 330.0 
94 KW4-27-5A j 5 3 20 330.0 
95 KW4-27-5A k 1 2 20 N/A 380.0 A 
96 KW4-27-5A k 2 2 20 390.0 
97 KW4-27-5A k 3 1 20 N/A 400.0 A 
98 KW4-27-5A k 4 2 20 290.0 
99 KW4-27-5A k 4 3 20 380.0 
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  Sample FIA# Level FI# Volume% 
Melting 
T (°C) 
Ice/HH 
Melting 
T (°C) 
Sylvite 
Melting 
T (°C) 
Halite 
Salinity 
(wt%) 
Homog. 
T (°C) Note 
100 KW4-27-5A k 5 1 20 N/A 380.0 A 
101 KW4-27-5A k 5 3 20 -21.2 23.2 380.0 A 
102 KW4-27-5A e 2 1 20 380.0 
103 KW4-27-5A e 2 2 20 N/A 380.0 A 
104 KW4-27-5A e 2 3 20 -20.9 23.0 390.0 A 
105 KW4-27-5A e 2 4 20 -19.8 22.2 340.0 A 
106 KW4-27-5A e 3 1 20 380.0 
107 KW4-27-5A e 3 2 20 310.0 
108 KW4-27-5A e 3 3 20 400.0 
109 KW4-27-5A e 4 2 20 -0.4 0.7 460.0 A 
110 KW4-27-5A e 4 3 20 460.0 
111 KW4-27-5A e 5 1 20 410.0 
112 KW4-27-5A g 1 4 30 >600 BD 
113 KW4-27-5A g 3 1 30 380.0 
114 KW4-27-5A g 4 1 30 360.0 
115 KW4-27-5A h 1 2 30 -21.6 23.4 510.0 A 
116 KW4-27-5A h 1 7 30 490.0 
117 KW4-27-5A h 5 2 30 370.0 
118 KW4-27-5A a 1 2 30 420.0 
119 KW4-27-5A a 2 3 30 560.0 
120 KW4-27-5A a 4 1 30 440.0 
121 KW4-27-5A a 4 2 30 440.0 
122 KW4-27-5A a 4 3 30 440.0 
123 KW4-27-5A a 6 1 30 440.0 
124 KW4-27-5A a 7 2 30 330.0 
125 KW4-27-5A a 8 2 30 430.0 
126 KW4-27-5A c 3 4 30 380.0 
127 KW4-27-5A c 4 4 30 370.0 
128 KW4-27-5A b 2 3 40 290.0 
129 KW4-27-5A a 6 2 50 410.0 
130 KW4-27-5A a 7 1 50 400.0 
 
A=Double ring but no change at -56.6°C  
B=Bubble size did not change  
C=Ice did not form     
D=Did not homogenize     
E=Irregular shape       
F=Chip lost at 430°C       
G=Too dark for some visual estimate 
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  Sample FIA# Level FI# Volume% 
Melting 
T (°C) 
Ice/HH 
Melting 
T (°C) 
Sylvite 
Melting 
T (°C) 
Halite 
Salinity 
(wt%) 
Homog. 
T (°C) Note 
1 E031914-6a a 5 6 <5 200 E 
2 E031914-6a b 3 1 <5 220 
3 E031914-6a b 4 2 <5 200 
4 E031914-6a a 3 1 5 290 37.4 280 
5 E031914-6a a 5 5 5 200 
6 E031914-6a c 3 1 5 200 
7 E031914-6a d 1 1 5 313 N/A BD 
8 E031914-6a e 1 1 5 N/A 250 E 
9 E031914-6a f 3 2 5 370 44.3 Lost F 
10 E031914-6a f 4 3 5 340 41.5 430 E 
11 E031914-6a g 1 1 5 230 
12 E031914-6a g 6 1 5 -22.1 23.8 240 E 
13 E031914-6a g 6 2 5 -21.8 23.6 400 E 
14 E031914-6a h 3 1 5 N/A 220 E 
15 E031914-6a h 4 2 5 200 E 
16 E031914-6a b 6 2 5 340 41.5 N/A G 
17 E031914-6a i 1 2 5 240 34.1 270 
18 E031914-6a j 4 1 5 370 E 
19 E031914-6a k 1 1 5 180 N/A 220 G 
20 E031914-6a k 1 3 5 200 
21 E031914-6a k 4 6 5 270 E 
22 E031914-6a k 8 1 5 280 36.7 260 
23 E031914-6a a 5 2 8 N/A 200 
24 E031914-6a a 1 1 10 280 Lost F 
25 E031914-6a a 1 4 10 270 36.0 Lost F 
26 E031914-6a a 2 4 10 -14.8 18.5 Lost EF 
27 E031914-6a a 4 2 10 320 
28 E031914-6a a 5 1 10 360 390 46.4 Lost F 
29 E031914-6a c 5 2 10 300 Lost F 
30 E031914-6a c 7 1 10 420 49.7 500 
31 E031914-6a d 4 1 10 335 Lost F 
32 E031914-6a d 4 2 10 320 39.8 330 
33 E031914-6a e 2 1 10 N/A 250 E 
34 E031914-6a e 3 2 10 240 
35 E031914-6a l 1 1 10 360 43.3 Lost F 
36 E031914-6a l 2 1 10 300 38.2 300 
37 E031914-6a l 4 1 10 370 
38 E031914-6a l 6 1 10 290 37.4 430 E 
39 E031914-6a f 3 1 10 300 38.2 Lost F 
40 E031914-6a f 4 1 10 350 Lost F 
41 E031914-6a f 4 4 10 325 40.2 Lost F 
42 E031914-6a f 5 1 10 340 41.5 Lost F 
43 E031914-6a f 5 2 10 300 38.2 270 
44 E031914-6a m 3 1 10 300 38.2 >600 
45 E031914-6a m 3 2 10 250 34.7 370 
46 E031914-6a m 5 2 10 310 38.9 280 E 
47 E031914-6a g 2 1 10 -11.3 15.3 380 
48 E031914-6a g 2 2 10 200 
49 E031914-6a g 5 2 10 390 46.4 400 
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  Sample FIA# Level FI# Volume% 
Melting 
T (°C) 
Ice/HH 
Melting 
T (°C) 
Sylvite 
Melting 
T (°C) 
Halite 
Salinity 
(wt%) 
Homog. 
T (°C) Note 
50 E031914-6a h 2 4 10 200 
51 E031914-6a h 4 1 10 300 38.2 400 
52 E031914-6a h 5 1 10 450 
53 E031914-6a h 5 3 10 380 45.3 430 
54 E031914-6a n 7 1 10 280 36.7 380 
55 E031914-6a n 7 2 10 320 39.8 520 
56 E031914-6a n 8 1 10 N/A 320 
57 E031914-6a b 1 2 10 370 44.3 460 
58 E031914-6a b 2 1 10 380 
59 E031914-6a b 2 2 10 N/A 230 
60 E031914-6a b 9 1 10 290 37.4 550 
61 E031914-6a b 10 1 10 300 38.2 >600 
62 E031914-6a i 4 1 10 N/A 240 
63 E031914-6a i 5 2 10 -7.3 10.9 200 
64 E031914-6a i 5 3 10 310 
65 E031914-6a i 6 1 10 N/A N/A G 
66 E031914-6a i 7 1 10 270 
67 E031914-6a i 10 1 10 N/A N/A G 
68 E031914-6a j 3 2 10 -3.3 5.4 
69 E031914-6a j 7 2 10 200 E 
70 E031914-6a j 8 3 10 510 61.1 >600 
71 E031914-6a o 1 1 10 200 31.9 250 
72 E031914-6a o 2 1 10 400 47.4 N/A G 
73 E031914-6a k 5 1 10 N/A 26.2 290 
74 E031914-6a k 6 2 10 240 
75 E031914-6a a 1 5 15 290 
76 E031914-6a a 3 2 15 N/A 26.2 200 E 
77 E031914-6a c 1 1 15 290 37.4 Lost F 
78 E031914-6a c 1 2 15 280 36.7 Lost F 
79 E031914-6a c 1 3 15 310 38.9 Lost F 
80 E031914-6a c 1 4 15 300 38.2 Lost F 
81 E031914-6a c 2 1 15 430 50.8 Lost EF 
82 E031914-6a c 2 2 15 260 35.3 Lost F 
83 E031914-6a c 7 2 15 320 39.8 Lost F 
84 E031914-6a d 1 2 15 230 
85 E031914-6a d 4 3 15 330 40.6 Lost F 
86 E031914-6a m 1 1 15 340 41.5 Lost F 
87 E031914-6a h 2 5 15 220 
88 E031914-6a n 2 1 15 270 340 41.5 510 
89 E031914-6a n 2 2 15 230 
90 E031914-6a n 3 2 15 290 37.4 480 
91 E031914-6a n 3 4 15 310 38.9 510 
92 E031914-6a n 4 2 15 222 33.0 >600 
93 E031914-6a n 5 1 15 320 39.8 450 
94 E031914-6a n 8 2 15 310 38.9 N/A G 
95 E031914-6a n 10 1 15 510 61.1 N/A G 
96 E031914-6a n 10 2 15 266 35.7 450 
97 E031914-6a b 5 1 15 310 38.9 410 
98 E031914-6a b 7 1 15 380 45.3 N/A G 
99 E031914-6a b 8 2 15 450 53.3 490 
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  Sample FIA# Level FI# Volume% 
Melting 
T (°C) 
Ice/HH 
Melting 
T (°C) 
Sylvite 
Melting 
T (°C) 
Halite 
Salinity 
(wt%) 
Homog. 
T (°C) Note 
100 E031914-6a b 11 2 15 260 35.3 
101 E031914-6a j 1 1 15 450 53.3 490 
102 E031914-6a j 9 1 15 380 45.3 N/A 
103 E031914-6a p 2 2 15 360 43.3 290 
104 E031914-6a k 5 2 15 N/A 360 
105 E031914-6a k 7 2 15 179 30.9 N/A G 
106 E031914-6a c 2 3 20 240 34.1 Lost F 
107 E031914-6a c 5 3 20 330 40.6 Lost F 
108 E031914-6a e 1 2 20 N/A BD 
109 E031914-6a e 3 1 20 -6.9 10.4 >600 
110 E031914-6a l 4 2 20 320 39.8 Lost F 
111 E031914-6a f 2 4 20 330 40.6 Lost F 
112 E031914-6a f 4 5 20 270 
113 E031914-6a m 4 4 20 280 N/A G 
114 E031914-6a m 5 3 20 380 45.3 280 
115 E031914-6a m 5 4 20 400 47.4 310 
116 E031914-6a m 6 1 20 280 36.7 Lost F 
117 E031914-6a m 6 2 20 400 47.4 Lost F 
118 E031914-6a m 6 3 20 380 45.3 Lost F 
119 E031914-6a m 6 4 20 290 37.4 Lost F 
120 E031914-6a g 4 2 20 390 
121 E031914-6a h 1 1 20 300 
122 E031914-6a n 1 2 20 219 32.8 >600 
123 E031914-6a n 3 3 20 290 37.4 N/A G 
124 E031914-6a n 6 2 20 290 
125 E031914-6a n 9 1 20 270 36.0 N/A B  
126 E031914-6a n 9 2 20 290 37.4 560 
127 E031914-6a n 10 3 20 N/A 280 E 
128 E031914-6a b 7 2 20 360 43.3 >600 
129 E031914-6a b 10 2 20 -2.6 4.3 N/A EG 
130 E031914-6a i 2 1 20 280 36.7 370 
131 E031914-6a i 2 2 20 310 38.9 300 
132 E031914-6a i 9 1 20 370 44.3 N/A B 
133 E031914-6a j 3 1 20 1.0 26.2 
134 E031914-6a j 7 1 20 440 52.0 N/A G 
135 E031914-6a p 1 1 20 310 38.9 N/A 
136 E031914-6a c 4 3 30 270 
137 E031914-6a f 4 2 30 N/A 380 
138 E031914-6a m 4 2 30 >600 
139 E031914-6a c 4 1 40 -1.7 2.9 Lost EF 
140 E031914-6a g 3 1 50 380 E 
141 E031914-6a g 3 2 50 360 43.3 N/A DB 
142 E031914-6a b 4 1 50 340 
143 E031914-6a p 4 1 50 270 36.0 >600 E 
144 E031914-6a k 4 2 50 250 
A=Double ring but no change at -56.6°C  
B=Bubble size did not change  
C=Ice did not form     
D=Did not homogenize    F=Chip lost at 430°C       
E=Irregular shape             G=Too dark for some visual estimate 
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